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 This dissertation in environmental history is concerned with human landscapes of 
groundwater extraction. Using temporal and spatial comparison, it examines the role of 
groundwater tunnel-wells and human understandings of groundwater availability in the Western 
Desert of Egypt; the Balearic Islands of Spain; and Iran.  In an Epilogue and final chapter, it 
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Imagining the Underground 
 
 Projections of physical space, viewing our world as it is and how it ought to be, are 
necessarily idealized, and contentious. The physical space of our environment sustains us, and 
forms the basis of our resources: water, air, fuel, food, fiber and minerals. Humans continue to 
alter these resources, creating new pressures and valuations, all in the process of maximizing, 
improving, imagining, and building new human spaces. 
 This dissertation in environmental history is concerned with human alterations of 
physical space, and in particular, constructed landscapes of groundwater extraction. Even more, 
it is concerned with the projection of that space: how geographers, explorers, historians, and 
planners have interpreted, dreamed, and (mis)understood those landscapes of groundwater 
extraction, partially hidden under the surface. Not least, it is also concerned with humans who 
used their own knowledge, hands, observations, and techniques to create those landscapes, 
however these bearers of knowledge about groundwater may have been interpreted in the past, 
or in what follows here. 
 By considering groundwater as both a local and global phenomenon, one premise is that 
groundwater is specific to place, and requires observational knowledge of the local hydrologic 
cycle, over time, in order to understand groundwater as a local and particular phenomenon. 
Another premise is that universalizing narratives about economic development in the 20th 
century made claims with profound expectations, and effects, for local environments that 
depend on groundwater reserves. Since groundwater technologies, both past and present, rely on 
geographic specificity and unique timescales of groundwater availability, there is a temporal 
dimension to human perceptions about groundwater. Both perception and presumption about 
this timescale have been implicit to human ideas about how to use groundwater, while lack of 
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explicit attention to timescale in recommendations for groundwater-dependent development has 
created a global environment of increasing fresh water scarcity that can be measured, as of 
2010.1 As an environmental history, this is also an attempt to answer some global questions 
about “how we got here” – to a place of increasing freshwater scarcity, ever more frequently 
priced as a commodity for those who can afford to pay – instead of expecting ground water to 
be valued, understood, and assessed as a local resource, and tied to a local hydrological cycle 
that produces a livelihood for farmers and others who depend on it. 
 Human knowledge about local groundwater availability and reliability arose from 
observation and use of the local water cycle over seasons, years, or generations of human 
history.  Groundwater technologies are less ‘transplantable’ than presumed by modern 
American and European explorers, geographers, and eventually, development planners. This 
modern perception of ‘transplantability,’ or ‘universality,’ has formed a technical philosophy of 
expertise, or best practices for ‘development’ that, in turn, created new assumptions about the 
suitability of groundwater pumping and dependency in a way that is unsuitable from the 
temporal perspective of a local groundwater ‘clock.’  
 Since each geographic region depends on local hydrological supplies determined by 
local rates of percolation and flow, it is a false assumption that groundwater-dependent 
development can be prescribed from afar. Taking this further, I claim it is not possible to expect 
a genuine expertise for groundwater extraction from far away. Extremely local over-
withdrawals of groundwater, worldwide, are thus linked to a global perception of universal 
                                                
1  Yoshihide Wada et al., "Global Depletion of Groundwater Resources," Geophysical Research Letters 
37, no. 20 (2010). 
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performance based on supplies beneath the surface. This also relies on a perception of a global, 
universally superior technique for groundwater withdrawals.  
 In this way, I link historical narratives and modern perceptions of ancient groundwater 
extraction technique in Iran and the Mediterranean to narratives of development, technical 
diffusion, global environmental change, and agricultural productivity in the present era of 
increasing water scarcity and groundwater depletion. Throughout the dissertation, I use 
European and American travelers’ descriptions of groundwater technologies in the Middle East 
and Mediterranean to illustrate the presumptions and perceptions of foreign landscapes they saw 
that relied on ‘hidden waters’ beneath the surface. In chapter 4, I present a different kind of 
prescriptive text: an 11th-century treatise describing how to take advantage of ‘hidden waters’ in 
the Iranian hydrological tradition.  I also present an English translation of this text, in the 
Appendix. What distinguishes Karaji’s 11th-century treatise from the 20th-century vision of 
development is precisely this attention to local hydrological circumstances and availability. 
 Further, the ‘logic of development’ has made both implicit and explicit use of historical 
narratives, presuming universal technical knowledge as the necessary ingredient for past 
technical diffusion, while at the same time relying on universal expertise for present and future 
schemes of agricultural and economic development. Once again, this global model is not 
appropriate for groundwater development schemes because of the geographic specificity of 
groundwater. I locate this confidence in universal environmental expertise starting with modern 
models of the ancient and medieval past that presume technical diffusion across space and time. 
Further, I link the mid-century development planners’ confidence in universal technical 
knowledge to a heavy reliance on groundwater as a widespread feature of ‘Green Revolution’ 
schemes, combining economic modernization and development with political ideology, and – as 
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a wholly unintended consequence – contributing to a contemporary world water crisis of 
groundwater depletion and groundwater dependency. 
 
Diffusion of Ideas 
 My inquiry began with my general interest in the transformative power of environmental 
technologies, as expressed through one particular case on a map. Before I saw this map, I had 
heard about the idea that organized the map.  It was conceptualized by the prominent American 
geographer Paul Ward English in the 1960s, and I first heard about his ideas sometime in early 
2003.2 The geographer’s idea was described in an article that does not include an image of the 
map. English makes a claim for the technical diffusion of classical Iranian groundwater 
aqueducts tunneled into mountain water supplies, known as qanawat (s. qanat) in Iran.  These 
tunnel-wells, identified on the surface because they are marked by distinctive features, have 
different names used by people across the geographic regions of the map:  
Apparently originating in pre-Achaemenid Persia, tunnel-wells spread to Egypt, the 
Levant, and Arabia in Achaemenid times (550- 331 B.C.). The Arabs carried qanats 
across North Africa into Spain and Cyprus; they are also found in Central Asia, western 
China, and on a more limited scale in dry regions of Latin America.3 
 
                                                
2 Paul Ward English, "The Origin and Spread of Qanats in the Old World." Proceedings of the American 
Philosophical Society 112, no. 3 (Jun. 21, 1968): 170-81. 
In Spring 2003, I enrolled in History 4004y, “Oases of Egypt: Persians to Arabs” at Columbia 
University’s Morningside Heights campus in New York City. The coincidence in timing with the U.S. 
invasion of Iraq was not unrelated. This seminar, typically offered to undergraduates on Columbia’s 
study abroad program in Egypt, was relocated to New York for that semester. The United States had 
been preparing to invade Iraq since well before that Spring, and U.S. universities were reluctant to send 
their students into the region pending a military invasion. As an employee at Columbia University with 
an employee benefits package allowing me to take one college class per semester without paying tuition, 
I gained unwittingly when the program in Egypt was cancelled for 2003. 
 
3  English, "The Origin and Spread of Qanats in the Old World," 170. 
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 The map itself does not give directions to any particular place. In a sense, this map does 
the opposite, and works in reverse: it shows diffusion across time and space. Using arrows and 
gradations of shading, the deepest shading covers the central highlands of Ancient Persia, the 
Iranian plateau, with arrows growing out of it, radiating outwards, out of the darkest shading, 
into the space around it. The Ancient Persian Core Area is the oldest region, as explained on the 
timescale of this map. 
 
Figure 1. Map of Qanat Diffusion as Conceptualized by Paul Ward English, 1968.4 
 The map’s legend explains the next, wider sphere of shading to cover a larger area, 
reaching beyond the Persian Core Area: this next area is half-dark, and represents the full reach 
                                                
4 Graphic provided by Professor Thomas Glick, Boston University. This map appears on page 185 of the 
1970 book by Glick, and was drawn by David W. Baylor, as credited in Thomas F. Glick, Irrigation and 
Society in Medieval Valencia (Cambridge, Mass.: The Belknap Press of Harvard University Press, 
1970); discussion of qanat diffusion, 182-85. 
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of one of the world’s first land-based empires: the ancient Persian Achaemenid territory, as 
ruled by Darius in 522 BCE, later conquered in full by Alexander of Macedon in 330 BCE.5  
 At the furthest extent of this grey Achaemenid region, medium-dark shading yields to 
even more outward-facing arrows, radiating westward, out of the Egyptian desert that is West of 
the Nile. This Egyptian desert region was part of the Achaemenid periphery of Darius and 
Alexander. Later, those arrows continue west across the Sahara, and across the breadth and span 
of the Mediterranean Sea, up through the islands of Crete, Sicily, and then the Balearic 
archipelago.  
 The arrows jump the Strait of Gibraltar onto the Iberian Peninsula, signifying the Arab-
Islamic Conquest of the seventh century CE has worked its way into Spain. Gibraltar bears the 
sign for two-way traffic on this map, indicating steady, bi-directional exchange between North 
Africa and Iberia. The Arab frontier, a dashed line, settles across the middle of Iberia, and the 
map’s time legend indicates the Arab frontier remained in Iberia through the twelfth century 
CE. 
 At the outer reaches of Iberia and the Maghreb of Northwest Africa, still more arrows 
point west, into the Atlantic Ocean: the Canary Islands off the coast of Africa, and whatever lies 
on the far side of the Atlantic, will feel the reach of those arrows, eventually. For now, those 
Atlantic arrows do not concern the time period of the map, and the voyages of Atlantic 
discovery and conquest in Mexico and Peru will have to wait, while this narrative plays itself 
out in the spaces of the ‘Old World.’ These Old World spaces include the snow-capped 
mountains of highland Iran; the lands along Mesopotamia and the Persian Gulf; the Egyptian 
                                                
5 Pierre Briant, From Cyrus to Alexander : A History of the Persian Empire. (Winona Lake, Ind.: 
Eisenbrauns, 2002). 
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desert oases, west of the Nile; and the mountainous islands of the western Mediterranean 
Balearic archipelago. 
 This map sketches diffusion, using arrows to signify origins and receivers.  The object in 
question, for this map, is the blueprint for a technology, an ingenious human idea, and a set of 
principles to win water from the ground.  The qanat system is instantly recognizable from the 
surface, especially from the aerial vantage point: an evenly-spaced series of maintenance shafts, 
round air-holes, leave an impression of linear ant-hills stretched above each tunnel, across a 
sloped landscape. The qanat system is also opaque to outside observers, because the air ducts 
viewed from the surface have been variously misinterpreted as wells, abandoned wells, or failed 
experiments in digging. 
 The human attachment to water itself is not nearly as ambiguous. Water enables 
prosperity, gardens, life, agriculture, animal husbandry, industry, cleanliness, ritual, food, 
medicine, leisure, cool relief on a hot day, hydropower, transit, and water-borne organisms. 
Flooding rivers can carry rich fertilizing silt, or toxic effluent. Marshlands can teem with life, 
simultaneously purifying freshwater as it passes through a slow-moving bog; the same swamps 
may teem “too much” with the life of mosquitoes and parasites, dangerous to humans and their 
animals, accompanied by the decomposing odors of swamp methane, the odor of death and 
decay from which humans will try to distance themselves. Human suspicion of slow-eddying 
swamps, bogs, miasmas, and sinkholes runs deep; the impulse to drain out that muck is a 
powerful one. 
 Water is precious, and groundwater enables life in times and places without rivers, 
marshlands, or rain.  The ground beneath our feet is like a storage reservoir, or a heavy, 
sopping-wet kitchen sponge left dripping on the edge of the sink: the soggy, muddy earth after a 
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spring snowmelt overflows, and eventually runs off into ponds, streams and rivers. That same 
kitchen sponge, shriveled and light after two weeks’ absence, is like dusty topsoil after a 
summer without rain: dry, compacted, less pliant to the touch. 
 If there were some way to tap deeper, into the still-moist layers of that metaphorical 
kitchen sponge, inside the earth, to conjure up the overflow of spring melt during times when it 
does not rain at all, and to reliably and efficiently bring those supplies of ground water up to the 
surface for human use – that is a valuable proposition.  The qanat system manages to tap snow-
melt that has percolated into high piedmont or mountainous aquifers, without needing to haul or 
transport that water by machines or labor. Once the infrastructure has been laid, knowledgably 
and correctly, and provided the infrastructure is properly maintained, the water is transported by 
gravity – downslope, always, from the piedmont aquifer of Iranian snowmelt, directly to the 
piedmont terraced fields and villages of agricultural production. This is the ‘classical’ Iranian 
landscape that Paul Ward English observes in Iran and posits for the regions of the map. 
 This is the proposition of the map: that ancient Persians learned how to lay this 
infrastructure, and the edges of the ancient Persian empire learned it next. The Arabs learned it 
after that, and brought it with them to the farthest edge of their empire, Islamic Spain.  The 
Iberian Expulsion of 1492 CE marked the end of Islamic Spain, but those same Iberians staked 
an empire in the New World, and brought technologies to the Americas from Iberia, as an 
inheritance from Arabs, and from Ancient Persia, without ever needing to travel to Persia. 
 The map shows the diffusion of an idea, across long distances, and over two thousand 
years.  The idea has to do with how to get ground water out of the dry surface, and how to 
construct access points for steady, reliable, productive use. In this sense, the map represents 
learning, creativity, and communication: the movement of ideas and people. This dissertation is 
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about ideas and people, casting their own ideas onto groundwater supplies, whether or not they 
have observed the specific water behaviors in that piece of ground. 
 ‘Qanat’ technology is a human invention to tunnel through earth and create a gravity-fed 
spring from underground, where nature could have made a spring, but did not. The water 
actually exists there, in the layers beneath the surface, but the geological arrangement of fissures 
and openings to the earth’s surface was not convenient for human patterns of settlement and 
use.  To be sure, even if humans wanted to, they could not create an artificial spring if there is 
no existing store of water in the pores of that kitchen sponge, in those layers of rocks beneath 
our feet.  Maybe there is sand trapped in the ground, or perhaps there is marble, clay, or gravel, 
or petroleum, or coal, or copper, or lime. All of these things can exist together, above or below, 
or mixed with water under the surface, or not.  That part is out of the reach of human 
timescales; geological layers were created in geological time, before humans drew breath on 
earth, and geological layers will continue moving, compressing, and shifting for longer than the 
lifetime of an engineer, or a dynasty of engineers.   
 Still, it can rain and snow in human time, and the kitchen sponge can get heavy and 
soaked in a single season.  Or maybe it takes a hundred years to soak that particular type of 
sponge, and for it to reach its threshold of overflowing.  It depends on the geological 
characteristics of the sponge underneath your feet – and again, this is created in geological time, 
and out of human hands. So even if humans may wish to conjure up a large supply of 
petroleum, or water, or iron or gold, the geological resources are determined by different 
timescales than what is granted by human history. Humans can find more or less efficient ways 
to extract and maximize geological resources, if they are able – but that is all they can do, on 
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that frontier.  Waiting for new silver deposits to spring up is a bad business plan, because the 
timescale involved will take too long. 
 What humans can do – and this is what they have done, particularly since the middle of 
the 20th century – is to tap many of those water stores faster than they soak back up to capacity. 
The storage capacity of the sponge beneath our feet is a water savings plan that humans have 
overdrawn enthusiastically since about 1950, all over the planet, but particularly in places where 
it does not rain frequently enough for prosperity, as we have defined it: agriculture, animal 
husbandry, industry, energy, cleanliness, ritual, and the list goes on. 
 Prosperity, as we have defined it, requires water.  Life, as a biological condition, also 
requires water.  In the early twenty-first century, with seven billion humans existing across a 
vast range of qualities of life, it seems one of these requirements will need to yield to the other. 
This quickly becomes a power struggle, with living conditions of severe privation at the 
margins, and escalates into a recognizable politics of scarce resources, replete with ideology.   
 As surface dwellers, human observers have projected their water needs onto springs and 
aquifers from underground sources, along with their vision of life, as it should be. The global 
human vision of a just society, and the status and importance of extracting water and other 
resources from the ground, have played no small part in the phenomenal increases in world 
population, and the unequal increases in quality of life, made possible for the most rapidly 
growing segments of the world’s population since approximately 1950 CE.  
 The Green Revolution of agricultural production in the second half of the 20th century 
CE depended, among other innovations, on intensive applications of groundwater pumped by 
petroleum-fueled machines. By extracting petroleum, minerals, and water from the ground, 
humans have projected their ideas onto the subterranean strata that provide them with the stuff 
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of prosperity, and life. The greatest intensification of human-environment interactions, in the 
space of 60 years or less, has happened within the space of a human lifetime. This is the 
phenomenon of global environmental intensification that historian J.R. McNeill calls 
“Something New Under the Sun.”6 
 In building artificial springs in places where nature ‘could have,’ humans have taken 
advantage of ‘hidden waters’ where they are available under the surface, releasing water trapped 
in the pores of stratigraphic layers.  The first requirement for building a qanat groundwater 
technology is that water must exist in quantities to yield results for extraction. The second 
requirement is a qanat, an almost horizontal tunnel-well, from a vertical well that requires 
power to lift up water using machines, animals, or levers. For a tunnel-well, or qanat, water 
must flow out of the ground, continuously, by the force of gravity.   
 To harness gravity, the mouth of the well must be higher than the user, and the source 
must be higher than the mouth. Thus, a qanat presents another kind of upside-down inversion: 
the typology demands ground water that comes from geologic layers above our heads, not 
beneath our feet. These geological layers are shifted above our heads through episodes of 
geological uplift and mountain formation, outside the timescale of humans. 
 Mountain valleys are a classic way to ensure that groundwater is trapped at elevations 
higher than human settlement. Humans live in the valleys, and precipitation falls high on the 
mountain.  The mountain snowpack of an Iranian winter is crucial to the functioning of the 
‘classic’ form of Iranian qanat: snow arrives, and the water that seeps into the ground gives a 
renewable basis to the water savings tapped out in the piedmont region. A gravity-fed tunnel-
                                                
6 John R. McNeill, Something New Under the Sun: An Environmental History of the Twentieth-Century 
World. (New York: W.W. Norton & Company, 2001). The epigrammatic phrase is from Ecclesiastes. 
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well, built at a slightly less than horizontal angle, can keep flowing all year round – even in 
months without snow or rain – but only if the tunnel is constructed, maintained, and the 
surrounding sediment and slope are calculated perfectly and correctly.  
 This is not a small matter of expertise. The professional title of the traditional qanat 
digger is muqanni. This engineer’s business is a matter of sensing, smelling, shaping, planning, 
accepting financing, digging, negotiating, risking, and maintaining a qanat. The muqanni is 
defined by the craftsmanship and expertise of qanat-digging,  and the complexity and scale of a 
qanat system can stretch up to dozens of kilometers in length.  There could not be qanat without 
muqanni, nor muqanni without qanat. It is a simple syllogism, but this relationship between 
craft, technique, knowledge, and the delivery of groundwater resources is fundamentally rooted 
in human observation of local environments, and expertise about those environments. 
 The highland mountain plateau of the ‘Persian Core Area’ receives regular snow, and 
evidence of ancient qanat systems in the mountains of Iran, dating from the Achaemenids 
through the twentieth century, testify to the workings of the muqanni’s craft. If the qanat is an 
artificial, human-crafted intervention in geology where there ‘could have’ existed a spring, in 
specific environments of hydrogeological potential, how do we understand the directional 
arrows on the map? How to understand the ‘drift’ of technical diffusion, from Persia to Egypt to 
Iberia, across the rest of the map? Did the muqanni leave his mountainous water table?  
 
The Problem of Sources.  Or, the Mountains Did Not Move. 
 The renewable hydrogeological conditions for qanat did not travel out of Ancient Persia. 
The mountains did not move. Certainly, precipitation patterns and climate cycles can move, and 
change, on a seasonal, annual, decadal, or secular timescale. Weather patterns and climate 
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expections can change within the space of a young human lifetime, or they can change outside 
the bounds of any one generation’s memory. Human beings also move around, and change, and 
bring ideas with them, to mingle with and pollinate new ideas. The human capacity to adapt and 
suit new circumstances is practically limitness. And yet, the mountains of the ‘Persian Core 
Area’ did not move.  
 Recall a qanat requires groundwater supplies at higher elevation than human settlement, 
so that gravity provides an outlet for the artificial spring.  Other than mountain valleys, this 
elevated arrangement is possible in oasis settlements in desert environments.  An oasis is a 
geological depression in the surface of the earth, placing it closer to groundwater supplies that 
lie beneath the floor of the oasis. Up above the oasis, up on the plateau, or desert escarpment, 
there will be less water available to plants and animals (recognizably a desert), even further 
removed from the water-bearing geological strata than the oasis. If this upside-down topography 
of an oasis can provide some ground water supplies from within those high escarpment walls of 
the oasis – meaning the water-bearing strata of the oasis are above the heads of the human water 
users in the oasis – a qanat becomes possible in a desert oasis.  
  A major difference between mountain valley qanat systems, with annual snowpack 
forming the annual basis of Iranian hydrological cyles, and the desert oasis systems of gravity-
fed groundwater withdrawal, is that mountain snowpack conditions are unlikely to be repeated 
in the desert environment. The snowy mountains of Iran form the basis of a water savings 
system from up-to-down; a desert oasis will have access to groundwater in some form, but the 
water is not likely to replenish on the same annual basis as snow.  As such, the conditions are 
set for divergent timescales of hydrological renewal in different types of environments where 
humans have used techniques of groundwater extraction to create ‘artificial springs.’ 




Figure 2. USGS diagram of relationship between saturated zones of ground water and 
surface water bodies. The ‘water table’ of groundwater is the top of the saturated zone. 
When humans dig a well for pressurized flow of water, it is necessary to pierce the ‘water 
table’ at the top of the saturated zone.7 
 
The concept of divergent timescales is key to the main argument of this dissertation. The 
timescales of human extraction and intensification of groundwater withdrawals, enacted under 
global regimes of petroleum-fueled techniques (the past 60 years or less; that is, within the 
memory of one human generation) have rendered human agriculture and industry dependent on 
a resource that, typically, took many more generations to create.  The ‘mere’ 60 years it has 
taken to extract and create universal expectations of groundwater withdrawals have been 
momentous years for global population growth, the rise of petroleum-fueled technologies and 
economies; and the consolidation of scientific cultures for expertise, especially for economic 
and agricultural development. 
                                                
7 Thomas C. Winter, Judson W. Harvey, O. Lehn Franke, and William M. Alley, Ground Water and 
Surface Water: A Single Resource (Denver, Colorado: US Geological Survey Circular 1139, 1998) 6, 
Figure A-1. 
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 Here is the problem of mis-matched timescales among human action, human perception, 
and the physical resources necessary for life on earth – or for prosperity, as we have defined it.  
The concept of timescale in environmental crisis is present in all discussions of environmental 
history and environmental change, whether implicit or explicit for discussions of ‘creeping 
crisis’ or ‘irreversible change.’ These clashing timescales of environmental crisis include: 
biodiversity and extinction; climate variability and climate change; deforestation and erosion; 
swamp drainage and flood disasters; industrialization and biologically persistent byproduct-
pollutants.  
 Similarly, I insist that the environmental history of human observation, perception, 
imagination, and extraction of groundwater – in specific locations, because groundwater is 
always specific to one certain place – needs to be understood as a problem of intertwining 
timescales. One is the timescale of recharge for groundwater as a resource, which could take 
days, weeks, months, years, centuries, or millennia to recharge. Two is the human perception 
and projection of that resource; is it limitless, reliable, pristine, untapped, potentially profitable, 
or essential to feeding hungry mouths in a parched landscape of human suffering? Three is the 
timescale of condensed-time extraction. It could take five years, fifty, or a hundred years to 
withdraw groundwater that took five years, fifty, or five thousand to percolate into the water-
savings account of that particular place.   
 The intertwining of these three types of timescales is the subject of this dissertation.  In a 
historical episode of intensified withdrawals, intertwining timescales have cultivated a global 
crisis of groundwater depletion in the past 60 years of post-World War II development. These 
past 60 years, moreover, have seeen the academic and technical formulation of theories of 
development, foreign technical aid, investment, and economic growth. The goals of 
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development are to improve human lives, as many as possible, as much as possible. In this 
sense, the Fourth aspect of timescale includes consideration of the rhetoric and timescales of the 
human and/or hydrological future.   
 
Figure 3. USGS diagram representing the range of timescales, depths, and distances, for 
groundwater flow and recharge. Blue arrows represent flows of water with different lengths and 
timescales of percolation through water-bearing layers: Days, Years, Centuries, or Millennia.8 
 
                                                
8 Winter et al., 5, Figure 3. 




Figure 4. Wada et al. (2010). Estimated global groundwater depletion for the year 2000 (bottom 
image); estimated groundwater recharge, yearly (top left); and global groundwater withdrawals 
for the year 2000 (top right).9   
 
 The world map, above, was published in the Geophysical Review Letters in late 2010 by 
an internatonal team of hydrologists and remote sensing experts. On the resulting map of 
estimated global groundwater depletion for the year 2000 (bottom image), note the 
concentration of over-withdrawals in the following states and regions: Punjab; Pakistan; 
western India; Central Asian successor states to the USSR; Iran; the Persian Gulf states; the 
Arabian Peninsula, including Saudia Arabia and Yemen; Eastern Spain; Northeast China; the 
Libyan Desert; Morocco; Algeria; Tunisia; Sudan; the Oases of Egypt and the Egyptian Nile; 
Somalia; South Africa; Madagascar; Senegal; Mauritania; Southeastern Australia; the 
                                                
9 Yoshihide Wada, et al. "Global Depletion of Groundwater Resources." Geophysical Research Letters 
37, no. 20 (2010), 2. 
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midwestern and western United States; northern and central Mexico; and the South American 
Altiplano. 10   
 With this physical declaration of globally agglomerated groundwater stress, it is time to 
consider the diffusionist map of Paul Ward English again.  How did these dispersed places, all 
over the world, each with its own particular hydrogeology and its own unique water table, 
bequeathed to each location in geological time, long before maps, find themselves in 
predicaments of over-extraction?  How did these hyper-local circumstances become mappable 
as a regional, perhaps global, phenomenon? 
 
The Regional Emphasis of Middle East Area Studies 
 What produced the narrative of Paul Ward English’s map of technical diffusion?  The 
narrative takes into account not only regional histories (empires of the Ancient Near East) and 
geographic circumstances (contiguous spaces). The map also represents, and contributes to, the 
science and production of newly defined regions. The growth of Middle East Area Studies was, 
and is, a product of global politics and power relationships in the late 20th and early 21st 
centuries.  
 The growth of Area Studies in the decades after World War II was an important part of 
the U.S. intellectual contribution to the Cold War. The need for expert academics who could 
inform policy makers about other regions and cultures of the world not only contributed to new 
knowledge about foreign language and cultures; this academic climate encouraged and created 
its own new culture of expertise about distant regions. Diplomatic historian David Engerman 
urges historians to reexamine the role of American expertise about the rest of the world as a 
                                                
10 ibid. 
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vital component that shaped the Cold War.  Engerman places American ideas about the ‘rest’ at 
the center of the creation of powerful models about how the world could and should function. 
 These conceptual ideas had serious consequences outside of the university lecture hall. 
In order to understand the role of U.S. power in the postwar world, Engerman urges historians 
to “analyze ideas as seriously as we analyze interests, to take monographs as seriously as 
memos, and to rank the work of professors on par with that of policymakers and film 
producers.”11  Engerman argues that U.S. academic expertise for area studies did not need to be 
commissioned by the U.S. government in order to have a profound effect on the exercise of 
American power on the rest of the world: “Ideas originating in the groves of academe, far from 
the halls of power, had surprising influence within and beyond Washington…”12 There is a tone 
of surprise, here, that academic disciplines could be taken seriously and have unintended 
consequences via ripples of knowledge and theory outside of the American university system.  
In the Cold War, just as in the ‘hot wars’ of armed conflict, information played a vital role. Area 
Studies was key to the supply system for information and analysis. 
 Among the professors who were recasting American knowledge and its map of the 
world was Paul Ward English, the University of Texas geographer who conceived the map of 
qanat irrigation diffusion from Ancient Persia to medieval Spain. The following photo and 
article by a graduate teaching assistant was printed in the January 1968 issue of Alcalde, the 
University of Texas alumni magazine. The article casts the dramatic tone of one lecture hall 
during the Lyndon B. Johnson administration in Cold War America:  
                                                
11  David C. Engerman, "Bernath Lecture: American Knowledge and Global Power," Diplomatic History 
31, no. 4 (2007), 599. 
 
12  Ibid. 




Figure 5. Professor Paul Ward English preparing to show images and recordings for his 
lecture. Printed in the Alcalde University of Texas alumni magazine, January 1968. 13 
 
 … an expectant hush falls over the 250 students who now fill the auditorium. A tall, 
thin, young man steps up to the podium in the center of the platform, settles his notes, and 
adjusts the microphones. He begins flipping switches on the podium which control the 
lighting and activate the projectors and the sound equipment. The screens flanking the 
platform light up with maps and color slides. An outline for the lecture appears on the screen 
to his right. As the professor begins speaking, soft music creates a background mood for his 
subject.  
 For the next 50 minutes, the students of Dr. Paul Ward English, associate professor of 
geography, will be immersed completely in the landscape, culture patterns, and relationships 
between man and the land in some area of the world far-removed from the Forty Acres and 
the unique and comfortable Academic Center Auditorium in which they sit. As Dr. English 
lectures, the students are busy taking notes, copying the lecture outline from the overhead 
screen, and watching the slides, film strips, and maps which change every few minutes on 
the side screens.14 
 
English wrote his 1966 book, City and Village in Iran: Settlement and Economy in the Kirman 
                                                
13 Richard VanSteenkiste, “The Art of Making Classroom Magic,” The Alcalde 56, no. 5 (1968), 10. 
 
14 Ibid., 8. 
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Basin as a specifically regional study of ways that qanat groundwater technology had structured 
urban spaces, urban-rural economic relationships, and human patterns of settlement in a region 
of southwestern Iran.  English’s regional geography was a departure from other Iran specialists’ 
approaches based on ethnographic fieldwork among tribes in Iran, and English’s study uses the 
availability of water through qanat irrigation systems as a starting point to compare the urban 
markets of Kirman with the rest of the Middle East.  Historical conditions take second place 
behind geographical conditions, in English’s analysis, especially for arid conditions where a 
water supply can only be guaranteed by specially constructed, and geographically specific, 
qanat technologies for groundwater extraction:  
The pattern of settlement in Kirman has been shaped by environmental conditions, by 
historical development, and perhaps most important, by water supply systems. The aridity 
makes irrigation essential, and water supply is an overriding consideration in the location of 
settlements. Permanent settlements were rare in the region until a technology (qanats) was 
developed to solve this problem.15 
 
 In English’s account, the lack of a water supply is a problem that human technologies of 
urbanization and infrastructure can fix.  Using the physical geography of a region as the principal 
explanatory factor for that region’s population, history, and traditions was an explicit starting point 
for English’s study as a comparison with the rest of the Middle East, conceived as a region of 
study:  
The field area (the Kirman Basin) provides an excellent laboratory for testing this regional 
approach. Kirman's physical environment  presents many of the same problems to permanent 
settlers as other Middle Eastern areas. It lies in a mountain-ringed basin, has little rainfall, 
scanty vegetation, and poor soils. All crops must be irrigated and protected from blowing sand; 
grazing resources have deteriorated, and the fuel problem is acute. The growth of settlement in 
Kirman is at least partly explained by this marginal environment.16 
 
Notably, English’s conception of what Middle Eastern environments have in common is in sharp 
                                                
15 Paul Ward English, City and Village in Iran : Settlement and Economy in the Kirman Basin. 
(Madison: University of Wisconsin Press, 1966), 30. 
 
16  Ibid., xix. 
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contrast to the diversity of hydrological environments in what I have called the ‘problem of 
sources,’ above. The geographical conditions for mountainous snow-pack percoloation through 
underground strata are particular to Iranian plateau, and not to the entire Middle East region.  
What, then, defines the Middle East region? 
 Brian Spooner and Philip Salzman, two anthropologists of Iran, wrote in the Journal of 
Persian Studies in 1969 that English’s City and Village in Iran marked “the beginning of a new 
stage in the steady development of academic writing on Iran. The book is concerned not with a 
ruler, or a period, nor with a city or a tribe or a village, but with a region.” 17 For these two social 
anthropologists with a disciplinary commitment to ethnographic fieldwork among Iranian tribes, 
the possibility of extrapolating the larger situation of Kirman into general statements about the 
Middle East was the basis for some alarm in 1969. This was before the first publication of Edward 
Said’s Orientalism in 1978, a cultural critique that became a critical mirror and a guide for the 
burgeoning field of Middle East Area Studies. Spooner, the anthropologist, is concerned that a 
preoccupation with shared religion (Islam) and political history, combined with apparent physical 
features, has been conflated with too many generalized factors in the geographical view of Paul 
Ward English:  
The Middle East is a political concept designed by the West to cover an area which subscribes 
to one formal religion and has for brief periods during a long history been mostly subject to 
one political authority. English is by no means the first to attempt to make such broad 
generalizations, and there is of course at least one sense in which the whole of the Middle 
East… constitutes one cultural area. But is this really a justification for asking questions like 
“ What is the nature of settlement in the Middle East ?” “What is the nature of Middle Eastern 
social and economic organization?”18 
 
In Spooner and Salzman’s critique, the problem of making regional statements about the social 
and economic character of the Middle East is that the very region itself has been a concept 
created by the West.  While English creates the analogy of physical similarities as the 
                                                
17 Brian Spooner, and Philip C. Salzman, "Kirman and the Middle East: Paul Ward English's City and 
Village in Iran: Settlement and Economy in the Kirman Basin." Iran 7 (1969), 107. 
 
18  Ibid. 
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geographical basis for comparison in geographically contiguous regions, Spooner and Salzman 
are concerned with the problem of social and economic extrapolation from physical conditions.  
 For my part, I would add that English’s presumption of perceived hydrological and 
geographic similarity in the region of qanat diffusion is not so similar, in a region of more 
diversity than uniformity.  In a sense, the problem of Middle East regional studies, or perhaps 
all regional studies, is a problem of seeing uniformity (historical affilations with Islam; adjacent 
geographic spaces) and allowing the perception of regional uniformity to create a discrete realm 
of mastery.19 For an area studies scholar, the disciplinary appeal of discrete regional expertise, 
as the basis for statements of reliable fact about diverse regions, environments, and peoples, can 
create the same reassuring illusion as an academic lecture projected on the big screen. 
 
Prisms of Perception in the 20th Century: 
Orientalism, Imperialism, and Memories of the Disappeared Underground 
 
 The modernizing impulse to bring formalized, improved technique from the “more 
advanced” to the “less advanced” regions of the world is a familiar topic within histories of 
colonial and postcolonial science, development, and statecraft. For studies of the Middle East, 
these tensions can be summarized in a frame of Occidentalism and Orientalism, to use the 
paradigm from Edward Said’s influential work. The historical precedent for Orientalism in  
                                                
19 A number of historians, geographers, anthropologists, and sociologists working in the fields of 
subaltern studies; critical geography; and world-systems theory have emphasized a world history of 
interconnections, rejecting narratives of the past that are based on static, homogenous, or Euro-centric 
stereotypes. Of particular note are: Eric R. Wolf, Europe and the People without History. (Berkeley: 
University of California Press, 1982); Janet L. Abu-Lughod, Before European Hegemony : The World 
System A.D. 1250-1350 (New York: Oxford University Press, 1989); Martin W. Lewis and Kären 
Wigen, The Myth of Continents : A Critique of Metageography (Berkeley: University of California 
Press, 1997); Dipesh Chakrabarty, Provincializing Europe : Postcolonial Thought and Historical 
Difference (Princeton, N.J.: Princeton University Press, 2000). 
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contact between Europe and the Middle East can be dated even before the Napoleonic encounter 
in Egypt detailed by Said, and at least to the time of the Crusades.20  
 In the regional space of the Middle East and Mediterranean, cultural contact and 
influence across long distances, whether through war, trade, migration, or material culture, can 
be traced to historical episodes of imperialism and conquest. For the topography of this 
dissertation, “Iran and the Mediterranean,” the precedent and inspiration for conquest has 
created interconnections and echoes through, and across, human generations and geographic 
space.21 Historical examples of imperialism in the physical space of “Iran and Mediterranean” 
include the spatial and cultural reach of Phoenicians, Egyptians, Assyrians, Achaemenids, 
Hellenes, Romans, Parthians, Sassanids, Arab Muslims, Berbers, Turks, Mongols, Ottomans, 
Christian Crusaders, and Spanish imperialists. 
 In the field of Global History, or World History, the habit of listing successive empires 
as a unit of categorization is convenient, as a shorthand for elapsed time of political regimes 
over an area of common ground. Moreover, the category of “Empire” is an acknowledgment of 
                                                
20 Ongoing interactions and historical identities formed through the relationship between European and 
Muslim societies is analyzed by, among others, Edward W. Said, Orientalism (1st Vintage Books ed. 
New York: Vintage Books, 1979); Richard W. Bulliet, The Case for Islamo-Christian Civilization (New 
York: Columbia University Press, 2004); Zachary Lockman, Contending Visions of the Middle East : 
The History and Politics of Orientalism (Cambridge: Cambridge University Press, 2004); R. W. 
Southern, Western Views of Islam in the Middle Ages (Cambridge: Harvard University Press, 1962) 
 
21 The total interconnectivity of Mediterranean spaces and cultures is expressed in a discursive, yet bold, 
work by Peregrine Horden and Nicholas Purcell, The Corrupting Sea: A Study of Mediterranean History 
(Malden, Mass: Blackwell, 2000). Horden and Purcell are committed to honoring, updating and revising 
Braudel’s contributions, in particular, the concepts of la longue durée and the focus on human 
geography, and particular the attention to history of science, environment and economy by the Annales 
journal associated with the Braudel’s cohort. As Horden and Purcell note in Corrupting Sea, 36-39, 
Braudel himself was also a survivor of World War II Nazi internment, and there is speculation about 
how his experience, and survival, may have influenced his views of long-term history, above the fray of 
politics and short-term interests. Fernand Braudel, The Mediterranean and the Mediterranean World in 
the Age of Philip II (1st U.S. ed. New York: Harper & Row, 1972) 
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patterns of cultural and spatial expansion over long distances, in a way that is distinct from the 
modern political preference for the nation-state, or “national idea” as a driving force of state 
formation.22 And not least, the archaeological remains of monumental imperial centers have left 
behind layers of significance for their finders and interpreters. The Assyrian empire of the 7th-8th 
centuries BCE produced capital cities in the Mesopotamian heartland with a “direct correlation 
between [military] campaigns and major building projects. Successful military leaders were also 
great builders, and the largest projects were undertaken after they returned with their immense 
spoils… The building activity required manpower and wealth that only the empire could 
provide.”23 
 These physical monuments of ancient empires are also incorporated into narratives of 
national glory in modern museums and tales of self and nation; while monuments to fallen 
power create a feedback-loop of historical projection and identification with centralized, 
contemporary power.24 Benedict Anderson’s Imagined Communities, first published in 1983, 
has influenced a generation of academics to think of nations and nationalisms, especially post-
colonial nationalism, as a modern habit of identifying oneself with a core cultural group 
deserving of statehood, across a defined geographical space, and sustained through metropolitan 
                                                
22 For discussions of empire as concept and political unit: Michael W. Doyle, Empires (Ithaca, N.Y.: 
Cornell University Press, 1986); Pierre Briant, From Cyrus to Alexander : A History of the Persian 
Empire (Winona Lake, Ind.: Eisenbrauns, 2002); William W. Hallo and William Kelly Simpson, The 
Ancient Near East: a History (New York: Harcourt Brace Jovanovich, 1971); Michael Mann, The 
Sources of Social Power (Cambridge [Cambridgeshire]: Cambridge University Press), 1986. 
 
23 Marc van de Mieroop, A History of the Ancient Near East, Ca. 3000-323 BC (Malden, MA: Blackwell 
Pub., 2004), 220-21. 
 
24 One example of a national narrative supported by archaeological findings is documented by Nadia 
Abu El-Haj, Facts on the Ground : Archaeological Practice and Territorial Self-Fashioning in Israeli 
Society (Chicago: University of Chicago Press, 2001) 
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communications and media.25 Among his influences, Anderson frequently quotes and draws on 
the ideas of Walter Benjamin, a German cultural critic whose 1936 essay, “The Work of Art in 
the Age of Mechanical Reproduction,” has persisted as a deeply relevant discussion of media, 
mass mobilization, perception, and communication in the 20th and 21st centuries.26 Benjamin 
wrote: “The manner in which human sense perception is organized, the medium in which it is 
accomplished, is determined not only by nature but by historical circumstances as well.”27 
 In the 20th century, Mussolini’s nationalist appropriation of Ancient Roman fasces and 
Hitler’s aspiration to Third Empire became notorious as symbols of their imagined claims to the 
Roman Empire of Antiquity. Walter Benjamin, the essayist born in Berlin in 1892, took his own 
life on the border between France and Spain in September 1940, pending deportation by Vichy 
French authorities to Germany. Benjamin had a visa to immigrate to the United States, where he 
joked that “people would probably find no other use for him than to cart him up and down the 
country to exhibit him as the ‘last European.’” However, a last-minute French refusal to permit 
refugee German Jews across the border to Spain led to Benjamin’s suicide.28.  
 Benjamin’s contemporary, Karl August Wittfogel, was born in the countryside southeast 
of Hamburg in 1896. Wittfogel, an academic interested in Chinese imperial history and a 
member of the German Communist Party, was imprisoned by National Socialists for his 
political affiliation in 1933.  He survived, and lived until 1988 in New York. An obituary 
                                                
25 Benedict Anderson Imagined Communities : Reflections on the Origin and Spread of Nationalism 
(Rev. and extended ed., 2nd ed. London: Verso, 1991) 
 
26 Walter Benjamin, “The Work of Art in the Age of Mechanical Reproduction,” in  Illuminations 
(Edited and with an introduction by Hannah Arendt; translated by Harry Zohn; Reprint. Originally 
published: New York : Harcourt, Brace & World, 1968; New York: Schocken Books, 1986), 217-242. 
 
27 Benjamin, “The Work of Art in the Age of Mechanical Reproduction,” in  Illuminations, 222. 
 
28 Arendt, 1968 Introduction to Illuminations, 17-18. 
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appearing in the British Guardian newspaper reviewed the life of a “Hydrophobic Cold War 
Warrior.”29 The Guardian further reports an international group of scholars, including British 
historian RH Tawney of the London School of Economics, worked to have Wittfogel released  
that same year. By 1940, Wittfogel was working in the United States, having broken off his 
affiliation with the Communist Party in 1939 out of disgust for the Hitler-Stalin nonagression 
pact of that year. Wittfogel continued his academic interest in pre-modern Chinese history, and 
led the Chinese History project at Columbia University in the 1940s.30 
 Wittfogel attributed his own views on the tyrannical danger of centralized state power to 
his experience of  imprisonment and survival in 1933.  In his 1955 Acknowledgments to 
Oriental Despotism, Wittfogel thanks Columbia’s Chinese History Project, and also his wife, 
anthropologist Esther Goldfrank, who “shared every step in [his] struggle for the clarification of 
basic scientific truths and human values.”31  Writing in 1955, Wittfogel points to the political 
crisis he fled as the source of his fascination with totalitarianism, and also as validation and 
crucible for his values: 
It was my belief in these values that put me behind the barbed wire of Hitler’s concentration 
camps. My final thoughts go to those who, like myself, were passing through that inferno of 
total terror. Among them, some hoped for a great turning of the tables which would make 
them guards and masters where formerly they had been inmates and victims. They objected, 
not to the totalitarian means, but to the ends for which they were being used. 
 Others responded differently. They asked me, if ever opportunity offered, to explain to 
all who would listen the inhumanity of totalitarian rule in any form. Over the years and more 
                                                





31 Karl August Wittfogel, Oriental Despotism; a Comparative Study of Total Power (New Haven: Yale 
University Press, 1957), vi. 
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than I can express, these men have inspired my search for a deeper understanding of the 
nature of total power.32 
 
 William F. Buckley, Jr., founder of the National Review, eulogized Wittfogel as his 
friend, and as a historian who illuminated the problems of centralized state power: 
Read purely as history, [Oriental Despotism] describes how the Chinese emperors effected a 
totalitarian society through the management of water… with that came the same control of 
action and of thought practiced one thousand years later by the Communists, using other 
means, but inspired by the same vision of total control, total obedience, total docility to the 
ends of the central power...33  
 
The political and popular uses of history have been extrapolated, in the above passages by 
Buckley and Wittfogel, to have a meaning that transcends far beyond – even a thousand years 
beyond – government agencies controlling water technology on the other side of the world.   
 In Oriental Despotism, Wittfogel divides world-historical episodes into opportunities for 
freedom and self-government, on the one hand, and centralized, totalitarian state power on the 
other.  With particular attention to the life of economic institutions and managerial divisions of 
labor, Wittfogel surveys world history by identifying universal behaviors of “Asiatic hydraulic 
despotism” versus “Occidental rain-fed agriculture.” Here is an example, drawing on the 
(European/Occidental) Roman Empire and its relationship with the (Hydraulic/Oriental) Near 
East: 
The later Roman emperors responded to the lure of the East. Yet they established their new 
capital, not in one of the great classical areas of hydraulic agriculture (Egypt, Syria, or 
Mesopotamia) but at the Hellespont, the classical divide between the Orient and the non-
hydraulic West. And despite the fact that long acquaintance with managerial despotism 
stimulated them to plan and build on a large scale, they were content to administer their 
hydraulic possessions from afar. Immensely bold in the creation of nonhydraulic 




33 William F. Buckley, Jr, “Karl A. Wittfogel, RIP,” National Review; Jun 24, 1988; 18. 
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constructions (highways and frontier walls), they exhibited much less initiative in the 
agromanagerial sphere. While by no means lacking in hydraulic concern, they aimed at 
gathering as large a rural revenue as possible with as small a bureaucracy as possible. 
Rational rulers though they were, [Romans] did not realize the rationality maximum of the 
hydraulic world they controlled.34 
 
In the above passage, Wittfogel classifies Occidental expert-scientific managers of the Roman 
Empire as monument builders, though non-hydraulic themselves. These Romans, explains 
Wittfogel, were loath to involve themselves too much in totalitarian water management politics 
of Asiatic worlds they had conquered. 
 From a 21st-century perspective, Wittfogel’s world view belonged to the Cold War, and, 
consistent with the Cold War itself, he was personally and intellectually shocked by the Second 
World War. Oriental Despotism portrays a monolithic, mindlessly obedient Other, usually 
identified as ‘Asiatic,’ but understood in universities and politics of the mid-century United 
States as synonymous with ‘Communist.’ Wittfogel’s political disposition, remnant from a 20th-
century episode of Cold-War politics, appears distant from 21st-century debates about best 
practices to mitigate global poverty and environmental crisis – the identifiable problems of 
‘development’ as an international discourse conducted by ‘experts’ in the early 21st-century.35 
                                                
 
34 Wittfogel, Oriental Despotism, 170. 
 
35 Once again, diplomatic historian David Engerman offers a window onto the intellectual history of U.S. 
university life, offering a link between anti-communism and the community of development economists. 
Engerman explores why modernization’s proponents either casually observed, or denied, the starvation 
of Soviet peasantry as a mere cost of economic development and transition from an agrarian economy. 
Engerman explains a rather stunning point of view attributed to mid-century modernizers in the U.S.: 
“Many commentators approved of Soviet-style industrialization while denouncing communism. Their 
support for Soviet efforts to modernize a ‘backward’ nation came in spite of their recognition of the 
tremendous human costs entailed. Even though they had some information about rural conditions during 
the famine, American observers had an easier time finding the sacrifices worthy because they considered 
the people sacrificed so unworthy.” David C. Engerman, “Modernization from the Other Shore: 
American Observers and the Costs of Soviet Economic Development,” (The American Historical Review 
105, no. 2 (Apr., 2000): 408. 
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 As a historian of U.S. expansion into the arid American West, Donald Worster has 
brought issues of large-scale water management and U.S. government to a broad audience. 
While a generation of American environmental historians has challenged and modified 
Worster’s vision of the U.S. government’s technocratic-hydraulic conquest, Worster’s 
contributions remain significant.36 In Rivers of Empire: Water, Aridity, and the Growth of the 
American West, Worster seeks to apply the contributions of both Wittfogel and another German 
predecessor, Karl Marx, to lessons about federal U.S. bureaucracy and massive irrigation 
infrastructure necessary to develop the American West. 37 In “History as Natural History,” 
Worster phrases Marx’s question in the language of global economic divergence: “Why were 
the major civilizations of Asia so different from those of Europe, so lacking in capitalist 
development, so unpromising for a Communist revolution?”38 Although Worster does not 
                                                
36 Three of Worster’s many works: Donald Worster, Rivers of Empire: Water, Ariditiy, and the Growth 
of the American West (New York: Oxford University Press, 1992); Donald Worster, "History as Natural 
History: An Essay on Theory and Method," The Pacific Historical Review 53, no. 1 (1984): 1-19; 
Donald Worster, Dust Bowl : The Southern Plains in the 1930s (25th anniversary ed. New York: Oxford 
University Press, 2004) 
 Alternatives to Worster’s history of U.S. western water management include: Donald J. Pisani, 
"Federal Reclamation and the American West in the Twentieth Century," Agricultural History 77, no. 3 
(Summer, 2003): pp. 391-419; Pisani, Water and American Government : The Reclamation Bureau, 
National Water Policy, and the West, 1902-1935 (Berkeley: University of California Press, 2002); Norris 
Hundley, The Great Thirst : Californians and Water, 1770s-1990s (Berkeley: University of California 
Press, 1992); Opie, John. Ogallala : Water for a Dry Land. (2nd ed., Lincoln: University of Nebraska 
Press, 2000); Richard White, The Organic Machine: The Remaking of the Columbia River (New York: 
Hill and Wang, 1995); Sarah T. Phillips, "Lessons from the Dust Bowl: Dryland Agriculture and Soil 
Erosion in the United States and South Africa, 1900-1950," Environmental History 4, no. 2 (Apr., 1999): 
pp. 245-266; Phillips, This Land, this Nation : Conservation, Rural America, and the New Deal. 
(Cambridge: Cambridge University Press, 2007). Geoff Cunfer, On the Great Plains : Agriculture and 
Environment. (College Station: Texas A & M University Press, 2005) 
 
37 Worster, Rivers of Empire, 26. 
 
38 Worster, "History as Natural History,” 5. The literature of global economic divergence is tremendous. 
Historians and economists have made contributions of theory and history to answer a fundamental 
question: why are some societies in the modern world so rich, and others so poor? This question is also 
approached in a best-selling and Pulitzer Prize-winning book by Jared Diamond, a trained ornithologist 
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apologize for the divisive effects of Wittfogel’s anti-Communist vision, he does acknowledge 
Wittfogel’s diatribe and resulting estrangement from the academic establishment, depriving 
U.S. historians (before Worster) of giving full consideration to Wittfogel’s theories of hydraulic 
society.39  
 Worster credits Wittfogel with posing the relationship between humans and earth-
altering technology as a dialectical process: “People are forever struggling with the land in an 
ongoing ecological dialectic… The earth gets changed in the unfolding dialectic, but so do the 
people” and: “How does a society’s interaction with nature lead to it own restructuring, its 
evolution from one form to another?” 40 In Rivers of Empire, Worster explains the concrete 
dams, canals, and monumental investments in irrigation infrastructure of the arid American 
West as an imperial, capital-intensive extension of the U.S. government in the East. In damming 
the Colorado River so thoroughly it no longer reaches its own delta outlet to the sea, Worster 
sees the U.S. government shoring up its own economic security. Since an irrigated West could 
reliably produce staple and luxury foodstuffs, fibers, and animal products, the economic 
productivity of  massive, poured-concrete irrigation works could secure a dominant position for 
the U.S. in international agricultural exports.41 
                                                                                                                                                      
and Professor of Geography at the University of California-Los Angeles (UCLA): Jared M. Diamond, 
Guns, Germs, and Steel : The Fates of Human Societies (1st ed. New York: W.W. Norton & Co., 1998).  
In the field of Global History, The Great Divergence by Kenneth Pomeranz, a historian of China, has 
made the biggest impression: Kenneth Pomeranz, The Great Divergence : China, Europe, and the 
Making of the Modern World Economy (Princeton, N.J.: Princeton University Press, 2000) 
 
39 Worster, “History as Natural History,” 6. 
 
40 Ibid., 5. 
 
41 Worster, Rivers of Empire, especially Chapter 6, “Empire: Water and the Modern West,” 257-326. 
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  In the U.S., post-war optimism in a new culture of technical expertise for economic, 
social, and scientific development was born at a very specific time in history.  Certainly, the 
“Baby Boom” of U.S. post-war population growth was a social, economic, and environmental 
phenomenon of its own. And, as demographers hasten to point out, the growth of not only 
United States population, but also world population since 1950 has an unprecedented 
exponential curve abetted by decreased mortality rates, particularly thanks to decreased 
childhood mortality rates.  Where so many of our agrarian grandparents lost multiple siblings as 
infants and young children, this new world of decreased childhood mortality is one of the 
hallmarks of industrial life in the 20th century.42 
 At the same time, global problems of post-war and post-colonial statecraft were 
expressed in terms of both Cold War anxiety and technical optimism during decades of U.S. 
victory and cultural change. Wartime industrial technologies of DDT, factory-driven mass 
production, marketing of consumer products, and the mobilization of human resources had 
profound effects on American culture and agriculture. In the post-war United States, the G.I. 
Bill famously brought returnee soldiers into university classrooms and suburban tract housing, 
                                                
42 For nuanced histories of global population change and the “demographic transition,” see Massimo Livi 
Bacci, A Concise History of World Population (2nd ed. Malden, MA: Blackwell, 1997); Randall 
Packard, “Visions of Postwar Health and Development and Their Impact on Public Health Interventions 
in the Developing World,” in Frederick Cooper and Randall Packard, Eds. International Development 
and the Social Sciences: Essays on the History and Politics of Knowledge (Berkeley and Los Angeles: 
University of California Press, 1997); Joel E. Cohen, How Many People can the Earth Support? (New 
York: W.W. Norton, 1996); Matthew J. Connelly, Fatal Misconception : The Struggle to Control World 
Population (Cambridge, Mass.: Belknap Press of Harvard University Press, 2008); John R. McNeill, 
Something New Under the Sun: An Environmental History of the Twentieth-Century World (New York: 
W.W. Norton & Company, 2001). 
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plots of land that had been family farms living closer to subsistence level before the suburban 
building boom.43  
 Adam Rome’s chapter on “Septic-Tank Suburbia” in his 2001 book, The Bulldozer in 
the Countryside, recounts a mixture of mid-century optimism and fast-paced building boom 
with some mass confusion about groundwater hydrology. By using an older, rural farm 
technology for relatively dense subdivisions of new housing on former farmland, mid-century 
septic tanks were installed in neat rows, one under each new homeowner’s yard. Septic-tank 
technology relies on the groundwater hydrology of each housing lot to percolate, filter, and 
purify waste water before the (purified) water circulates back into the local water table, to be 
withdrawn as well water from the household faucet.  Rome quotes a 1964 public health official 
who wrote, “Highly educated, sophisticated people have confessed that they did not know their 
home had a septic tank system until it overflowed.”44 Rome’s book traces the growth of 
American environmentalism to such episodes of self-poisoning and increasing awareness during 
the second half of the 20th century.45 
 Problems of groundwater perception and use extend far beyond overflowing septic tanks 
in post-war U.S. suburban backyards. An image that is equally vivid, to contemporary readers 
                                                
43 There are many rich works of history on post-war changes in U.S. environment, economy, and culture. 
See Richard R. Nelson and Gavin Wright, "The Rise and Fall of American Technological Leadership: 
The Postwar Era in Historical Perspective," in the Journal of Economic Literature 30, no. 4 (Dec., 
1992): 1931-64; Adam Ward Rome, The Bulldozer in the Countryside : Suburban Sprawl and the Rise of 
American Environmentalism (New York: Cambridge University Press, 2001); Kenneth T. Jackson,  
Crabgrass Frontier : The Suburbanization of the United States (New York: Oxford University Press, 
1985); Edmund Russell,  War and Nature : Fighting Humans and Insects with Chemicals from World 
War I to Silent Spring (New York: Cambridge University Press, 2001); Victoria De Grazia,  Irresistible 
Empire : America's Advance through Twentieth-Century Europe (Cambridge, Mass.: Belknap Press of 
Harvard University Press, 2005). 
 
44 Rome, The Bulldozer in the Countryside, 93-94. 
 
45 Ibid. 
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of any introductory Geology or Hydrology textbook, is an iconic photo of a man standing in 
front of a utility pole near Mendota, California. The San Joaquin Valley of California has been a 
site of intensive agricultural production throughout the 20th century, and fresh vegetables and 
fruits shipped around the United States are likely to bear the heft of California soil and water.46 
                                                
 
46 Local consequences of a globalized commodity economy – that is, a streamlined market for pricing 
and selling units of natural resources – is a foundational topic for Environmental History. The social and 
ecological effects of assigning commodity market value to wood, fur, fish, cotton, sugar, cattle, hogs, 
minerals, fruits, and vegetables are detailed in histories that connect local ecology with global markets. 
Some of the most influential books in this genre began with William Cronon’s Changes in the Land, first 
published in 1983: William Cronon, Changes in the Land : Indians, Colonists, and the Ecology of New 
England (1st rev. ed., 20th-anniversary ed. New York: Hill and Wang, 2003); followed by William 
Cronon, Nature's Metropolis: Chicago and the Great West (1st ed. New York: W.W. Norton, 1991); 
Sidney Mintz, Sweetness and Power : The Place of Sugar in Modern History. (New York: Penguin 
Books, 1986); Arthur F. McEvoy, The Fisherman's Problem : Ecology and Law in the California 
Fisheries, 1850-1980 (Cambridge: Cambridge University Press, 1986); John F. Richards, The Unending 
Frontier : An Environmental History of the Early Modern World. (Berkeley: University of California 
Press, 2003); Diana K. Davis, Resurrecting the Granary of Rome : Environmental History and French 
Colonial Expansion in North Africa (Ohio University Press, 2007); Karl R. Appuhn, A Forest on the Sea 
: Environmental Expertise in Renaissance Venice (Baltimore: Johns Hopkins University Press, 2009) 
 Kenneth Pomeranz, in Appendix D of The Great Divergence, 313-15, calculates the sugar and 
cotton imported to industrializing Britain, and  timber supplies guaranteed by northern boreal forests, all 
of which Pomeranz calls “Ghost Acreage,” allowing the rise of early modern Atlantic economies to 
surpass the commercial economy of China. 
 The best-selling environmental and food journalism of Michael Pollan brought the historical 
perspective from works like Cronon’s Nature’s Metropolis (1991) to a wider audience during the first 
decade of the 21st century: Michael Pollan, The Omnivore's Dilemma : A Natural History of Four Meals 
(New York: Penguin Press, 2006); Michael Pollan, The Botany of Desire : A Plant's Eye View of the 
World. (1st ed. trade pbk. ed. New York: Random House, 2002). 




Figure 6. “Joseph F. Poland of the U.S. Geological Survey stands near bench mark S661 southwest 
of Mendota in the San Joaquin Valley, California. The bench mark site subsided 9m from 1925 to 
1977, because of intensive withrawal of ground water.” 47 
                                                
47 Image and caption from Guidebook to Studies of Land Subsidence due to Ground-Water Withdrawal. 
Studies and Reports in Hydrology ; 40. Edited by Joseph F. Poland and International Hydrological 
Programme. Working Group 8.4. Paris: Unesco, 1984, iv. 
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 The man in the iconic photo is Dr. Joseph F. Poland of the Sacramento office of the U.S. 
Geological Survey (USGS). He stands next to a utility pole, with a hand-lettered sign at his feet 
that reads “1977.” Above his head, standing three times his height, is a lettered sign “1955.” 
Almost double the height of “1955” is a third sign, “1925,” standing at a total height of nine 
meters off the ground, or almost 30 feet. The power lines soar above all these numbers. The 
green fields and dusty road lie beneath. The story behind, or below, the Mendota utility pole is 
that green fields ate up the water that used to be stored in the ground. 
 Worldwide, an estimated 70 per cent of all fresh water withdrawals each year goes to 
agriculture for food, fodder, fiber (or, in the case of ethanol, fuel). It is important to note that 70 
percent is a world-wide average, and does not state the percentage of ground water that is 
withdrawn, either globally or locally. It is merely a statement of the relative water demand of 
agriculture on global fresh water supplies that were used in 2003, as a percentage of the total 
water used in that year.48  
 Agricultural thirst – the water fed to plants and animals in the agricultural commodity 
chain –  remains the greatest thirst. The quest for ‘virtual water,’ as a 20th and 21st-century 
commodity, increasingly links Iowa soybeans to Kansas feedlots; Kenyan green beans to 
European supermarkets; and Colombian roses to New York corner delis. ‘Virtual water’ refers 
to a price mechanism for wealthy consumer economies who can afford to pay for water-
                                                
48 “Fact Sheet: World Water Use by Sector, Around 2003” Internet Resource: www.fao.org/nr/aquastat . 
AQUASTAT is the Information System on Food and Water of the Food and Agriculture Organization 
(FAO) of the United Nations: “At a global level, the withdrawal ratios are 70 percent agricultural, 11 
percent municipal and 19 percent industrial. These numbers, however, are biased strongly by the few 
countries which have very high water withdrawals. Averaging the ratios of each individual country, we 
find that ‘for any given country’ these ratios are 59, 23 and 18 percent respectively. The ratios also vary 
much between regions, going from 91, 7 and 2 percent for agricultural, municipal and industrial water 
withdrawal respectively in South Asia to 8, 16 and 77 percent respectively in Western Europe.” 
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intensive agricultural commodities far away, in a globalized world. 49 In this way, agricultural 
water has become part of a global commodity chain. This global chain functions, whether or not 
the farmers and planners who supply their products to world markets believe their locally 
available water supply will remain available, based on their own local observations, or whether 
that water will become scarce. For consumer economies enjoying agricultural commodities at 
the top of the global supply chain, these effects will become visible later, instead of sooner. 
 In this spirit, Joseph Poland has become an icon, instantly recognizable to readers of 
introductory Earth Sciences textbooks. The utility pole is a testament to human scale and human 
intervention in hydrological supplies underground. He is standing in a spot that used to be 
underground; and this would not be apparent, in the photo, without his carefully labelled 
measurements, performed as a ground water scientist. This photo from the San Joaquin Valley 
has become a new monument to the hydrological history of the 20th century, and has given 
measure to an invisible phenomenon. 
 In the remaining chapters, this dissertation argues that modern understandings of 
environmental knowledge for local groundwater systems have relied on a notion of centrally 
organized expertise, even though hydrological supplies do not require foreign experts for 
explication. In chapter 2, the Western Desert of Egypt is the site of ongoing archaeological 
excavations of a groundwater irrigation system. I argue the knowledge required for using the 
desert sandstone aquifer could precede the formation of the Achaemenid Empire, and is not 
necessarily imperial in influence. In chapter 3, the multiple migrations of humans to Iberian and 
                                                
 
49 The term “Virtual Water” is usually credited to Tony Allan, Emeritus Professor of Geography at 
School of Oriental and African Studies (SOAS), London, and King’s College London: John Anthony 
Allan, "Virtual Water: A Strategic Resource Global Solutions to Regional Deficits," Ground Water 36, 
no. 4 (1998): 545-6. 
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Balearic landscapes have created a complex legacy for Mallorcan sites of knowledge about 
groundwater in the Tramuntana Mountains.  In chapter 4, I examine a formal 11th-century text 
with instructions on how to build a ‘classic’ Iranian qanat structure, and I argue this text has 
been interpreted by modern readers through an overly national and epistemic lens that has 
prioritized a particular type of knowledge. In chapter 5, the Epilogue, I argue the 20th century 
conception of centralized, foreign expertise had become explicit, in the example of an American 
development consultancy commissioned to ‘develop’ southwestern Iran. 
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Traces of Empire in the Western Desert of Egypt: 




 This chapter focuses on Kharga Oasis as a unique site of hydrogeological formation and 
human history. The history of human and, even before homo sapiens, hominid use of Kharga's 
water resources dates to the Paleolithic, and continues up to the present day, within the bounds of 
the modern state of Egypt.  These groundwater resources, contained and used in Kharga for the 
entire period of hominid and human use, have all been tapped from a single, contained, and finite 
aquifer that remains trapped in sediment, left over from a previous, and far wetter, climate age.  
The Great Nubian Sandstone Aquifer System (NSAS), lying underneath desert landscapes of 
Chad, Libya, Egypt, and Sudan, is one of the world's largest underground water resources, 
trapped beneath one of the world's most arid expanses of desert: the ‘Western’ or Libyan Desert 
of northeast Africa.  
 In this chapter, I draw on geoarchaeological and regional landscape studies of ancient 
sites of groundwater use in Kharga Oasis, in the Western Desert of Egypt, to challenge colonial 
and modern diffusionist narratives by arguing that continuous human habitation is the most 
important legacy to consider in the fate of human modifications to water resources of the Nubian 
Sandstone Aquifer System. These are ‘fossil’ groundwater supplies, and just as in the case of 
geological stores of ‘fossil’ fuels like petroleum, these water supplies will not be replenished 
within the foreseeable human future.  This legacy of indigenous water traditions – and perhaps 
indigenous knowledge could also encompass passerby knowledge, since Kharga is understood to 
be on the path of overland migrations for hominids and humans out of Africa – is a divergence 
from twentieth-century narratives of technical diffusion to arid regions of the MidEast, both for 
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Kharga Oasis and for other contexts.  
 These 20th-century diffusionist narratives presumed a technically superior, centralized, 
imperial knowledge base for hydraulic modifications of Kharga's groundwater-bearing 
landscape.  Here, and in following chapters, twentieth-century perceptions of local water 
knowledge in arid landscapes of the MidEast and Mediterranean were largely swayed by 
historical interpretations that privileged technologies of state, empire, and the technical 
knowledge and monumental cultures of science and engineering.  In the Epilogue to this 
dissertation, these conceptions about expertise for technical knowledge in water management 
schemes for international aid and development are the lineal descendants of these colonial and 
postcolonial discourses of environmental knowledge in arid regions of the Middle East.1 At the 
same time, these (usually Euro-American) narratives discounted the geographic specificity and 
sensitivity required to exploit and utilize groundwater resources. Groundwater, based in local 
geologies and particular and opaque to each location, might not respond to grand schemes of 
expertise brought from elsewhere.   
 In the case of southern Kharga Oasis, I examine its potential as a 'recipient' of Ancient 
Persian qanat technologies, during its occupation by Achaemenid (ancient Persian) and later 
Roman military garrisons.  Narratives of Kharga’s technological receiver status have emphasized 
the more superficial similarities to Iranian groundwater management (literally visible at the 
surface of the well system), emphasizing a potential role for ancient Iranian garrisons arriving 
from a thousand miles away. These superficial similarities, as articulated for a fundamentally 
                                                
1 For a powerful analysis of colonial European ecological narratives in the Maghreb of North Africa, and 
a criitical assessment of the role these narratives continue to play in scientific assessments of arid lands, 
see Diana K. Davis, Resurrecting the Granary of Rome: Environmental History and French Colonial 
Expansion in North Africa (Athens: Ohio University Press, 2007). 
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hidden technology of groundwater extraction, have aided a narrative that obfuscates and 
confuses both technical history and growing resource scarcity for sites of groundwater 
extraction, particularly for sites of fossil water withdrawals, as in the Western Desert of Egypt. 
 The Ancient Persian occupation of Egypt's Western Desert captured the imagination of 
readers of Herodotus, who describes the Persian Emperor Cambyses losing an Army (and then 
his mind) in the Great Sand Sea of the Western Desert of Egypt.  Late 20th-century cinema 
audiences will remember the Oscar-winning Hollywood adaptation of The English Patient, 
whose starlets cling to a tattered copy of Herodotus' History in the Western Desert during a 
World-War-II period romance.  
 These 20th-century excursions into Egypt bear shades of Said's Orientalism, and indeed, 
the monumentalist and imperialist project of interpreting Egypt's history through narratives of 
grandeur, ideological prestige, past prominence, and technical receivership have all contributed 
to a persistent 19th- and 20th-century historical characterization of Kharga Oasis as a desert(ed) 
outpost in need of expertise from afar. The 20th-century affair with technical expertise, and the 
cult of the technocratic expert with a promise to bring necessary know-how and formalized 
knowledge to backwater sites of groundwater exploitation – whether in addition to; in 
contradiction to; or in simple ignorance of local geological conditions and traditions – 
 is a central concern of this dissertation.  
 In the case of South Kharga's sites of ancient groundwater technologies, professionally 
excavated, analyzed, and pondered by European and North American geologists, archaeologists, 
and adventurers for over a century, I contrast this technology with the snow-fed groundwater 
reserves of the Persian technical homeland. Even though Kharga’s sites of 'qanat' irrigation may 
have been modified over time, bearing traces of their imperial occupiers, they bear no direct 
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resemblance to the hydrological system represented in the ‘classic’ qanat engineering of the 
Iranian plateau, examined in further detail in chapter 3 of this dissertation.   
 The engineers of the Iranian mountain-plateau qanat system have nothing to do with the 
legacy of spring-mound groundwater extraction in the Oasis of Kharga, many miles from the 
snow-pack hydrologic cycle of the Zagros Mountains of Iran.  The technical mechanism, based 
on knowledge of the groundwater resources and cycle available on each type of site, was 
different in function, construction, and lifespan.  In the case of Kharga, the historical projections 
of 19th- and 20th-century observers were responsible for seeing Persian (or successor Roman) 
technologies where indigenous (or passerby) traditions had been in place for tens of thousands of 
years, using the same discrete water supply of ‘fossil’ water. The difference in water supply is 
not trivial, because the ‘classic’ Iranian system makes use of renewable seasonal snowfall, and 
thus functions on hydrological cycle, instead of mining the finite supply in the Western Desert of 
Egypt. 
 
The Oasis of Kharga 
 Kharga Oasis was an outpost on the furthest southwestern periphery of the Persian 
Achaemenid Empire, which lasted over 200 years, circa 559-330 BCE.  The Achaemenid period 
ended with the conquests of Alexander of Macedon, who took on titles of Pharaoh of Egypt and 
Shahanshah of Persia.   
 Kharga Oasis is located 200 km west of present-day Luxor (site of ancient Thebes), in the 
desert west of the Egyptian Nile, north of present-day Sudan, and south of the shores of the 
Mediterranean. In effect, Kharga Oasis itself is located at the geographic center of the modern 
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state of Egypt, though the term “Western Desert” applies to the vast region of Egypt that is west 
of the Nile river valley.   
 “Kharga” is related to the Arabic word for “exit,” presumably because it lies closer to the 
Nile than other large oases of the Western Desert.  The next, and larger, interior oasis, “Dakhla,” 
is further from the Nile than Kharga.  Kharga Oasis was the last major stop before reaching the 
Egyptian Nile on the so-called “Forty Days’ Road” or “Darb el-Arbain” as early as late antiquity.  
This road is most notorious as a historical slave trade caravan route from sub-Saharan Africa 
through Sudan into Egypt.2  The presence or use of this route in pre-Roman times is not attested 
or verified, especially without the known presence of camels as pack animals in Egyptian 
antiquity before the Greco-Roman period.3 The area of Kharga Oasis under consideration here, 
the Dush region south of Baris, is located in the southern part of the oasis, where the Forty Days’ 





                                                
2 In a characteristic late-nineteenth century European preoccupation with racial phenotypes, the German 
explorer Karl von Zittel remarks in 1875 that the inhabitants of Kharga seem to have darker skin than 
inhabitants of the other Oases of the Western Desert. Zittel speculates whether the physical appearance of 
the local population in Kharga is related to Kharga’s role as a node in the historical slave trade with sub-
Saharan Africa. Gerhard Rohlfs and others, Drei Monate in Der Libyschen Wüste (Cassel: T. Fischer, 
1875), 313-14. 
 
3  Robert B. Jackson, At Empire's Edge : Exploring Rome's Egyptian Frontier (New Haven: Yale 
University Press, 2002), 167, 285n34. The debate on dates for the introduction of camels into Egypt and 
Saharan North Africa is assessed in Richard W. Bulliet, The Camel and the Wheel (New York: Columbia 
University Press, 1990), 111-118. During earlier climatic periods, the Sahara was home to indigenous 
camels, but the domesticated pack animal was introduced from Asia: “the Saharan camel died out in 
prehistoric times and was reintroduced at a later date from the east,” Bulliet (1990), 15.    




Figure 1.  Routes to Kharga. Reproduced from Map I in Beadnell (1909)4  
 The vast expanse of the Sahara is not uniform in its aridity, geology, or history.  At a sub-
regional level, however, there distinctive geological and climatic features. The Western Desert of 
Egypt is classified as a hyper-arid section of the Sahara, indeed one of the most arid 
environments on planet Earth, averaging less than 1 mm of precipitation per year.5  In addition to 
parching aridity, the other very noticeable climatic feature to a visitor is the wind, and the layer 
                                                
4  H. J. L. Beadnell, An Egyptian Oasis; an Account of the Oasis of Kharga in the Libyan Desert, with 
Special Reference to its History, Physical Geography, and Water-Supply (London: J. Murray, 1909), 26. 
5  Cassandra Vivian, The Western Desert of Egypt : An Explorer's Handbook (Cairo: The American 
University in Cairo Press, 2000), 4; Kathleen Nicoll, Robert Giegengack, and Maxine Kleindienst, 
"Petrogenesis of Artifact-Bearing Fossil-Spring Tufa Deposits from Kharga Oasis, Egypt," 
Geoarchaeology 14, no. 8 (1999), 850. 
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of dust that seems to settle immediately on any unprotected object.  Wind, sand, and aridity 
create the main conditions for erosion in the desert.  Desert wind causes erosion, because it 
carries abrasive sand with it, constantly building up and dispersing sand dunes with its force.  
The desert wind erosion leaves very few exposed structures untouched in their original state after 
even a few years, creating frustrating conditions for an archaeologist who wants to assess 
standing temples and monuments. On the other hand, Egypt’s dry climate is a boon to the 
archaeologist.  These arid conditions are responsible for so much of the phenomenally well 
preserved archaeological data, artifacts, human, animal, and plant remains, and documents that 
contribute to such a rich body of archaeological knowledge and historical understanding about 
Egypt.   
 On the plateau of the Western Desert, few human settlements are possible, though sparse 
groups of Bedouin continue to make their home there, usually as guides for tourists seeking 
extreme adventure.  Many of these Bedouin have been settled into villages in the last hundred 
years, or forced into sedentary life when they are declared residents of one state, or forbidden 
return to another.6  The part of the desert that is inhabitable, of course, is the series of geological 
depressions, known as oases, in the desert plateau.  By definition, a desert oasis is closer to the 
water table of an arid region, allowing green plants to reach water supplies with their root 
systems, which provides a welcoming environment to humans and animals.  
 The oases of the Western Desert of Egypt were well known in Classical Antiquity, and 
indeed were vital to Neolithic homo sapiens before the founding of the Old Kingdom of 
Pharaonic Egypt.  Even before the arrival of any homo sapiens, current archaeological research 
                                                
6 For a description of the effects of twentieth-century village policies by the Egyptian state, see: Timothy 
Mitchell, Rule of Experts : Egypt, Techno-Politics, Modernity (Berkeley: University of California Press, 
2002), 59-70. 
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estimates that the Western Desert, including Kharga Oasis, was inhabited by “Acheulian” 
cultural groups of hominids during the early Paleolithic, between 500,000 and 300,000 years 
ago.  There is ample evidence that Middle Paleolithic hominids (Homo erectus as well as modern 
humans, homo sapiens) inhabited the Western Desert and Kharga, between 250,000 and 38,000 
years before present.  Climatic conditions fluctuated throughout this significant span of human 
habitation, but for the most part, water was more available in Kharga Oasis during these 
Paleolithic periods.7  The Neolithic period in the Western Desert of Egypt was drier, and shifted 
to more arid climatic conditions.  Kharga and the Western Desert were also sites for the well-
known “Neolithic Revolutions” of agricultural domestication and specialization, beginning 
11,000 years ago.8 
 Kharga Oasis is part of what is collectively referred to as the “Great Oasis,” a contiguous 
geological depression that includes the wider Dakhla Oasis, located slightly North and West of 
Kharga.  In the later twentieth century, the government of Egypt began to call these and other 
desert settlements the “New Valley.”  This is part of a governmental resettlement policy in 
response to land and population pressures in the Nile Valley and Nile Delta.  The Oasis of 
Kharga itself runs from north to south about 185 km long, and has an east-west axis of between 
20 and 80 km, depending on where in the oasis the measurement is taken.  The rock wall 
escarpment rising from the oasis floor to the limestone plateau of the desert can reach up to 400 
                                                
7  Alan H. Simmons Rolfe D. Mandel, "Prehistoric Occupation of Late Quaternary Landscapes Near 
Kharga Oasis, Western Desert of Egypt," Geoarchaeology 16, no. 1 (2001), 101-2. 
8  ibid., 103,113 
 
C. L. Hill, "Geologic Contexts of the Acheulian (Middle Pleistocene) in the Eastern Sahara," 
Geoarchaeology 16, no. 1 (2001), 65-94. 
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meters high, depending on where in the oasis the measurement is taken.9  The floor of Kharga 
oasis averages about 50 meters above sea level.10 
Geological time and historical time: 
The temporality of fossil water beneath the desert.  
 
 In the Geological Survey Report of 1899, British geologist John Ball reported under 
Kharga Oasis: Its Topography and Geology : 
Kharga is as large as a good-sized English county, being over 3,000 square kilometres in 
extent, while of its total area far less than one per cent. consists of cultivated land. The 
fertility of an oasis depends on its water supply, this being partly furnished by natural springs 
rising from below and issuing up from the floor of the excavation, and partly by artificial 
wells bored to tap these same deeper water-bearing strata. The cultivated tracts are necessarily 
restricted to the vicinity of such natural or artificial effluxes of water, and in general they 
occupy the lowest parts of the oasis-area.  
 … Within [Kharga] oasis itself are numerous ruins of ancient towns and temples 
which testify to its former importance…11 
 
Throughout his report, Ball struggles to define the source and flow of the groundwater supply for 
Kharga’s pressurized springs. The source of this groundwater concerns him as the most vital 
piece of information he could attain about the geology of the place, and his focus on topology 
and topographic measurement is in large part an effort to understand both strategic (military) and 
hydraulic resources in Kharga. Conducting his survey in 1899 with a measuring-wheel, however, 
could not have granted Ball the regional and global conclusions of late-20th century 
geoarchaeology.   
                                                
9  Jackson, At Empire's Edge : Exploring Rome's Egyptian Frontier, 163 
 
10  Rolfe D. Mandel, Prehistoric Occupation of Late Quaternary Landscapes Near Kharga Oasis, 
Western Desert of Egypt, 98 
 
11  John Ball, Kharga Oasis: Its Topography and Geology (Cairo: National printing dept, 1900), 7-8. 
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 Writing in 1899, Ball contrasted the physical and logistical demands of shifting sand 
dunes (wind erosion and deposition of sediment) with the native Khargans’ habit of abandoning 
wells that became clogged (though perhaps temporarily) with sand dunes. After his measurement 
survey of Kharga, Ball comments on the abandoned wells as a covering layer between the 
hydraulic productivity of Roman Egypt and the present: 
Near Beris [sic], where the dunes cover a width of about 10 kilometres or more, [the dunes] 
have covered up a large number of springs, wells, and cultivated tracts; a traverse taken 
among them revealed the existence of abundant sources of water, some of which bore 
evidence of Roman exploitation, and there can be no doubt that the dunes have shifted since 
Roman times…12 
 It should be noticed that the value of a given area of cultivable land in Kharga must vary 
enormously with its situation. Some of the wells are a long way from the villages, and the 
cultivator has a long daily tramp to and fro; while in other cases he has a constant conflict 
with the encroachment of sand. The natives, however, speedily abandon any well which 
demands even a little labour in keeping it clear of sand, having a strong objection to the 
display of energy in any form.[Emphasis added]13 
 
Ball continues to survey every well in Kharga Oasis, including the dried-up wells and ruins of 
fortresses in the area of Dush (ancient Kysis, near the site of qanat excavation for ‘Ayn 
Manawir), but Ball does not list the site of ‘Ayn Manawir by that name in his catalogue of wells.   
 From the vantage point of 21st-century paleoclimatology, the theory of climatic change 
may have gratified Ball’s persistent puzzlement about the geological explanation for 
groundwater supplies in the oasis. Ball speculates that shifting geological plates might explain 
why water appears in some places, but not others: 
 The great question arising out of the discussion of the tectonics of the oasis is as to what 
light they throw on the origin of the wells. But there are difficulties in the way of accounting 
for the wells in any simple manner by the faults observed. Taking first the N.N.E.-S.S.W. 
fault which certainly exists between Jebel Ter and Jebel Taaref, and assuming, as we must, 
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that the water of the oasis is derived from the rainfall of the highlands of the interior of 
Africa, conveyed in permeable strata underground, and comes to daylight where these strata 
rise to the surface or are pierced by wells; then we should expect any upthrowing of the 
permeable beds to produce springs. But the wells are chiefly on the down-throw side of the 
fault, i.e. eastward of it. A possible explanation is that the up-throw side is only part of a large 
area thrust up bodily (i.e. enclosed by lines of fault) and thus cut off from any inflow from the 
south; such a tract would be dependent for its water on infiltration from the undisturbed 
surrounding beds, and would be comparatively waterless. Perhaps this may be the case with 
the tract between Kharga and Dakhla. At the actual fault we might expect an exceptionally 
good water supply, and possibly the large wells of Gennah may thus be explained, but it will 
be hard to get actual evidence. [Bold in original; Italics mine]14 
 
In 1899, having observed the hyper-arid climate (without precipitation) in the Oasis, Ball 
speculated the source of oasis water must come from highland rainfall in the African interior, 
according to the same principles of precipitation and downward flow of the Nile River system, 
flowing through rainless Egypt as a ‘gift’ from the African monsoon belt.  
 In the very last paragraph of his report, Ball continues to wrestle with this question, and 
comes closer to 21st-century understandings of paleoclimatic change in the Western Desert of 
Egypt.  By observing fossilized imprints of oak leaves on the tufa walls of the oasis -- in strata 
which must have been deposited with the flow of surface water after the initial rock formation of 
the rocky plateau -- Ball hypothesizes the oasis itself must have been carved out as a sort of 
canyon by ancient rivers:  “It is therefore most likely that the excavation was begun by the action 
of water, and after this ceased, owing to a total change in the climatic conditions…”15 In his final 
footnote to these thoughts, Ball writes: “The change from a moist climate to a dry one in Egypt 
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may possibly have been connected with the change from a glacial to a temperate climate in 
central Europe.”16   
 Indeed, more than 100 years after Ball’s report, the interpretation of Kharga’s geological 
history, and the geological history of the Nubian Sandstone Aquifer System, is that ancient rivers 
carved out this chain of oases, just as the Colorado River gradually formed the famous Grand 
Canyon in the American Southwest; it is the legacy of those ancient rivers, in a climatic shift of 
hyper-arid conditions above the Northeastern Sahara, that the geological waterbeds are in fact 
locked into the sandstone strata. 
 The porous sandstone strata of the Nubian Aquifer, which hold and trap water like an 
engorged sponge, are estimated to have a thickness ranging from 500 meters to 5000 meters, 
depending on the exact location where it is measured. The water in the part of the Nubian aquifer 
discussed here was trapped in the sandstone layers during climatically humid periods of 
geological formation, about 96 to 99 million years ago, in the pre-Upper Cenomanian, during the 
Cretaceous part of the Mesozoic Era. 17    
 During that time, exactly as speculated by the British geologist John Ball in 1899, this 
region of the Sahara was filled with marshes, lakes, and rivers, which have influenced the shape 
and composition of local rocks and soils.  The low-lying oases were home to these lakes, and 
those “lacustrine deposits” (lake-bottom sediments) underneath the shifting sand dunes account 
for the clay-based soils that support irrigated agriculture in the oasis today.  Geologists and 
paleoclimatologists believe weather patterns brought monsoon precipitation from the Indian 
Ocean and carried moisture to the region of the Nubian Aquifer during wetter climatic periods.  
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17  ibid. 
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Groundwater of the Nubian Sandstone Aquifer most likely settled into its layers through 
precipitation, surface water seepage, and underground percolation from river and wetlands south 
of the region.18  About 8,000 years ago, groundwater percolation into and out of the aquifer 
halted, so the groundwater of the Nubian region is self-contained – and finite.19 
 Since there has been no significant recharge to the aquifer system since the climatic shift 
occurred, the Nubian sandstone groundwater is not renewable. It is sometimes referred to as 
“fossil water,” in the same way that petroleum deposits are referred to as fossil fuels – this water 
is “non-renewable,” in the sense that the model of a hydrologic cycle of evaporation, 
precipitation, seepage, and percolation does not apply to this system.  Of course, these geological 
strata are also home to fossilized plant and animal remains, which help geologists to date the 
strata in which they are trapped.  There was some scientific investigation into the matter of 
percolation in the twentieth century, the scientific consensus is if there is any contemporary 
seepage from the southern (Ethiopia and Sudan) or northern (Mediterranean) sources of 
moisture, it is a minimal flow, to the point of being insignificant. One estimate of the total stored 
volume of the Nubian Aquifer system in 1989 was put at 150,000 cubic kilometers of stored 
water, or “equivalent to the discharge of the River Nile in more than 1700 years or to a water 
cover of 80 meters over the total area of the Nubian Aquifer System.  However, only a very 
small part of it can be exploited…” 20 
                                                
18  Jennifer R. Smith et al., "New Age Constraints on the Middle Stone Age Occupations of Kharga Oasis, 
Western Desert, Egypt," Journal of Human Evolution 52, no. 6 (6, 2007), 691. 
 
19  Bakhbakhi, Hydrogeological Framework of the Nubian Sandstone Aquifer System, 2004 
 
20  Heinl and Thorweihe, Groundwater Resources and Management in SW Egypt, 106 
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 The ‘fossil water’ phenomenon presents a temporary window of resource abundance, and 
a looming horizon of water finitude, and water scarcity.  In the same way, and perhaps more 
familiar, the time horizon of fossil fuel (especially petroleum) scarcity presents a window of 
abundance and scarcity in the oil-rich economies of the Middle East.  In the Introduction to their 
edited volume, Timely Assets: the politics of resources and their temporalities, anthropologists 
Elizabeth Ferry and Mandana Limbert articulate the conditions of resource scarcity for 
‘development,’ which they consider to begin with the definition of ‘resources’ themselves, and 
the mutually understood scarcity of those resources.  The sentence with which they open this 
perceptive volume is telling: “Oil is running out.”21  The point of comparison between 
groundwater resources and fossil fuels could not ask for a clearer venue than the Western Desert 
of Egypt, where the fossil water available during human history has not increased through 
additional flow, only decreased, and decreased at an increasing rate. 
 Even without the particular circumstances of finite groundwater supplies in the Western 
Desert of Egypt, the politics of water resources management are notoriously contentious.  One 
key reason is that water resources, much like wildlife, infectious disease, and climatic events, do 
not observe political boundaries drawn by humans.  Groundwater repositories, though largely 
invisible to the naked eye of the casual observer, especially when compared with the flow or 
trickle of surface water (lakes, streams, marshes, and rivers), are no exception to this rule.  
Moreover, the “invisibility” of groundwater resources poses an extra challenge in the tragedy of 
the commons; how can groundwater extraction be regulated, when it is not always readily 
apparent how much has been extracted from the resource as a whole?  
                                                
21  Elizabeth Emma Ferry and Mandana E. Limbert, Timely Assets: The Politics of Resources and their 
Temporalities, eds. Ferry, Limbert and School for Advanced Research (Santa Fe,N.M.), 1st ed. (Santa Fe: 
School for Advanced Research Press, 2008), 3. 
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 Often, over-extraction of groundwater becomes “visible” when it is already too late for 
institutionalized practices: the quality of fresh water declines, as the mineral concentration of salt 
or other mineral solids becomes ever more concentrated with the decrease in total water supplies. 
With the increase in minerals and salinity, groundwater becomes less desirable for human use 
and agricultural applications.  At the same time, water tables drop in a “cone of depression,” or 
drawdown, making it harder to reach the water that is extracted from the ground, requiring 
greater efforts to reach the groundwater supplies at progressively deeper levels.  And finally, the 
ground surface itself sinks very slowly, in a phenomenon called “subsidence.”  One hydrologist 
estimates that by 1998, some water table levels of southern Kharga Oasis had dropped up to 60 
meters since the start of deep well pumping extraction in 1960.22  In the early 1960’s, when 
large-scale pumping efforts were started as a policy of agricultural development, the rates of 
flow and origins of this groundwater aquifer were not well understood.23   
 The Nubian Aquifer System is geologically one of the oldest groundwater repositories in 
Northeast Africa, and it is certainly the largest. As illustrated in the following schematic map, the 
present-day political units that overlap this aquifer are Egypt, Libya, Sudan, and Chad.  
                                                
22  Mohamed Bakhbakhi, "Hydrogeological Framework of the Nubian Sandstone Aquifer System" 
(Tripoli, Libya, United Nations Educational, Scientific, and Cultural Organization (UNESCO), 2-4 June, 
2002, 2004). 
 
23  M. Heinl and U. Thorweihe, "Groundwater Resources and Management in SW Egypt," Catena 
Supplement 26 (1993), 100-101. 





Figure 2. The Nubian Sandstone Aquifer System. Shaded Area.  
Reproduced from Bakhbakhi (2004).24 
 
 The sharp mismatch between non-renewable fossil water resources and human usage for 
the irrigation agriculture has set the stage for a clash in tempo between geological time (rates of 
groundwater renewal) and historical time (the human threshold for perceiving change over time, 
also known as the foreseeable future).  In other words, heavy usage of geologically dated, ancient 
water resources will not be renewable, or sustainable, on a human timescale. Informed 
hydrologists have noted the change in water tables since the extraction of groundwater resources 
began on an industrial scale since the early 1960’s.  Notably, that is within the memory time span 
of a single human generation.   
                                                
24  Bakhbakhi, Hydrogeological Framework of the Nubian Sandstone Aquifer System, 177 




 Below, I will consider some of the technological and environmental implications of 
groundwater extraction in the environment of Kharga Oasis, the site of agricultural cultivation 
for several centuries during the Achaemenid and Greco-Roman periods. 
 
The qanat technology.  Design and origins. 
 In their most widespread Iranian manifestation, qanat irrigation systems (also called, 
according to regional language, kariz, foggara, falaj, khattara) tap groundwater supplies in 
higher ground thanks to geological uplift of water-bearing strata, and deliver this water to farms 
and villages at a great distance from its source via a long, subterranean aqueduct.  The qanat is 
dug carefully, through solid earth, at a gentle gradation, to ensure a constant gravity-fed flow 
from the tapped aquifer, for as long as the water table at the source is high enough to sustain a 
flow.  These systems are most obvious, at the surface level, by identifying the characteristic 
pattern of regularly spaced air shafts visible on the surface.  Expertise in construction is crucial 
for the success of a qanat: qanat engineers (exemplified by the traditional “muqanni” profession 
in Iran) must have a comprehensive understanding of the local conditions for geology, localized 
hydrology, and tunneling techniques.25 
 These underground canals have several advantages to other methods of groundwater 
delivery in arid environments:  there is minimal evaporation of groundwater supplies; the pull of 
gravity determines the steady flow of water without need for pumping systems; and in some 
                                                
25 The best general introduction to the history and engineering of qanat systems in English is the edited 
volume by Peter Beaumont et al., Qanat, Kariz and Khattara : Traditional Water Systems in the Middle 
East and North Africa (London: The Middle East Centre School of Oriental and African Studies 
University of London in association with Middle East & North African Studies Press, 1989).  Also Henri 
Goblot, Les Qanats: Une Technique d'Acquisition De l'Eau. (Paris: Mouton., 1979).  
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cases, the source aquifer is located in a mountainous or piedmont region with greater 
precipitation and runoff than the region of delivery, most typically on the arid high plains of 
central Iran. A major advantage of qanat systems is that they do not require the existence of 
surface water for irrigation agriculture, or indeed any precipitation at all.  This makes the qanat 
system an ideal method for irrigated agriculture in arid regions, which are, by definition, areas of 
low annual precipitation.   
 With a gravity-fed system, it is also more difficult to over-tap an aquifer beyond its 
natural recharge rate in the hydrological cycle of seasonal precipitation. In the “classic” Iranian 
qanat design, where the aquifer is a mountainous water table, the water resources are as 
renewable as the annual snow pack up on the mountain.  While vertically drilled wells can all tap 
the same source, leading to a “drawdown” or cone of depression when each individual well 
begins to interfere with neighboring wells’ cones of depression, with a qanat, the flow is induced 
by gravity.  A gravity-fed flow from the mountainous water table is less likely to result in the 
same drawdown effect as a series of vertically dug wells.  In addition, the considerably high 
capital and labor costs of building a qanat have typically limited their construction.  These are 
complicated works of underground engineering. 
 The Persian tradition of qanat building relies on specialized teams of “muqanni” workers 
who construct and maintain the underground canals.  This is labor-intensive work, requiring the 
physical removal of earth from several meters underground, kilometers at a stretch.  The careful 
selection of a “mother well” site and the gentle gradation of the tunnel over long distances must 
be performed with skill.  The ventilation shafts of qanat tunnels punctuate the underground 
canals, which can stretch up to 30-40 km away from their mountain source, delivering water to 
an agricultural settlement with the aid of a system of reservoirs or feeder canals.  The tunnels 
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must be periodically maintained with the removal of silt and debris via the ventilation shafts, and 
lack of maintenance is the most typical reason for the decline of qanat irrigation.26  There is quite 
a bit of scholarly disagreement about the exact date and place of invention of the qanat 
technology, but they are undoubtedly an archetypal landscape feature in the central high plateau 
of Iran.  Qanats are well attested in the Achaemenid period of Iranian history, and probably date 
to at least the pre-Achaemenid 7th century BCE in Iran, in the assessment by Goblot.27 
 
Figure 3.  Sketch of a classic qanat aqueduct: cross-section view and aerial view.  
Reproduction of Side View Sketch and Aerial View Sketch of a Qanat Figure 1 in English (1968) 28 
                                                
26 Christensen discusses some of the problems of “decline” and environmental stress in relation to 
traditional Iranian qanat systems: Peter Christensen, "Middle Eastern Irrigation: Legacies and Lessons," 
in Transformations of Middle Eastern Natural Environments : Legacies and Lessons, ed. Jeff Albert 
(New Haven, Conn.: Yale University, 1998), 15-30.  
 
27 Goblot, Les Qanats: Une Technique d'Acquesition De l'Eau., 67 Also Mirjo Salvini, "Pas De Qanats En 
Urartu!" in Pierre Briant , ed., Irrigation Et Drainage Dans l'Antiquité: Qanats Et Canalisations  
Souterraines En Iran, En Égypte Et En Grèce : Séminaire Tenu Au Collège  De France. (Paris: Thotm, 
2001), 143-55. for a vociferous refutation of qanats in 9th century BCE in the ancient mountain kingdom 
of Urartu, the predecessor of Armenia. 
 
28  Paul Ward English, "The Origin and Spread of Qanats in the Old World," Proceedings of the American 
Philosophical Society 112, no. 3 (Jun. 21, 1968), 171. 




Qanats are also identified near the southern settlements of Kharga Oasis, probably dating to the 
period of Persian Achaemenid expansion in the 6th Century BCE.29 
 
Achaemenid Persia.  Technics, water policy, and empire. 
How strong is the case for imperial influence on Kharga Oasis, an outpost on the western 
periphery of the Achaemenid Persian Empire (ca. 545-330 BCE), especially during the reigns of 
Cambyses and Darius?   
 The Greek historian Herodotus chronicled the Persian conquest of Egypt in Book 3 of his 
History, and even attributes some first signs of the much-mythologized madness of the 
Achamenid Emperor Cambyses to a military setback of his army in the Western Desert of Egypt:  
That is what happened to the expedition against the Ethiopians.  Those of the army of 
Cambyses …started out from Thebes and marched along, with guides.  People saw them 
reach the city of Oasis…  These people live some seven days’ march from Thebes through the 
desert, and this place is called in Greek the Isle of the Blessed.  To it, it is said, the army 
came; after that, no one is able to say anything at all about them except the Ammonians and 
such as have their information from them.  They never came to the Ammonians, and they 
never came back again.  What the Ammonians say about them is this: when they were on their 
road from Oasis to the Ammonian country through the desert and were indeed about midway 
between the Ammonian country and the Oasis, while they were taking breakfast there blew 
upon them suddenly a violent southern wind, bringing with it piles of sand, which buried 
them; thus it was that they utterly disappeared.30 
 
Herodotus notes here that Cambyses’ army arrived at the Oasis from Thebes before their demise 
in the open desert, and discusses the Achaemenid Persian conquest of Egypt in great detail in this 
book of the History.  The archaeologist’s and explorer’s search for Cambyses’ soldiers, lost 
                                                                                                                                                       
 
29  Pierre Briant, "New Trends in Achaemenid History (CAIS)," , http://www.cais-
soas.com/CAIS/History/hakhamaneshian/new_trends.htm (accessed 12/28/2006, 2006). 
30 Section 3.26 in Herodotus, The History, trans. David Greene (Chicago: The University of Chicago 
Press, 1987), 222. 
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among the dunes on the upper desert plateau, has never been rewarded.  As a Greek historian, 
Herodotus certainly paid attention to Persian imperialism on the western front.  Interestingly, or 
perhaps lamentably, Herodotus has served as a principal source for historians of Ancient Persia 
up through the twentieth century. Historians of the ancient world are all too accustomed to the 
limits of textual sources.   
 Ancient Persia in the Achaemenid period is truly limited in this sense of textual 
reliability, and the problem of sources is not a small one in Achaemenid studies.  Thus the pre-
eminent scholar of Achaemenid Persia, Pierre Briant of the Collège de France, states in the 
introduction to his definitive work on Achaemenid Persia: “One of the most remarkable 
peculiarities of Achaemenid history is that, unlike most conquering peoples, the Persians left no 
written testaments of their own history, in the narrative sense of the word.  It is noteworthy that 
unlike the Assyrian kings, the Great Kings [of Persia] had no Annals prepared where the memory 
of their mighty deeds on the battlefield or in the hunt could be made heroic and preserved.  We 
have no chronicle prepared by a court scholar at the command of the Great Kings.”31  The 
problem of assessing a water policy becomes clear: we simply do not know if the Achaemenid 
conquerors intended to dispatch their equivalent of the Army Corps of Engineers to every arid 
oasis under their control.  A further distinction lies between Achaemenids in Egypt proper – the 
Nile River Valley, the center of Pharaonic power – and the oases of the Western Development, 
including Kharga.  It is not yet possible to tell how highly the desert oases were valued in that 
period, for strategic, trade, or other reasons. 
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 In Briant’s assessment, the Achaemenid imperial administration of Darius I was firmly 
established in Egypt, which was not treated like a lesser periphery of the Empire; the satrapy of 
Egypt was ruled by the Satrap and the Great King (Shahanshah) in Persepolis, who nevertheless 
had taken on the title of Pharaoh in order to rule that province.  The temple dedicated by Darius 
at Hibis in Kharga is cited as an important feature of this political arrangement in Egypt.32   The 
matter of water policy on behalf of the imperial Achaemenids is less clear: Darius I had a firm 
water policy in Mesopotamia, where the province of Babylonia had its own Water Department 
for control of the river irrigation structures. However, in Egypt, the only existing textual 
evidence comes from Herodotus, who briefly mentions Achaemenid maintenance of levees on 
the Nile. 33   And once again, it is a Greek historian, Polybius, who provides the sole account of 
Achaemenid policy with regard to qanat construction, and only in the plateau of Iran: the Persian 
rulers gave “those who conveyed a supply of water to places previously unirrigated the right of 
cultivating the land for five generations…”34  There is no existing textual evidence for 
Achaemenid implementation of qanat irrigation structures in the oases of Egypt.   
 Cambyses and Darius I conquered and re-conquered the satrapy of Egypt in the 6th 
century BCE. The Persian Achaemenid Empire fell to Alexander of Macedon in 330 BCE.  
Alexander conquered Central Asia, to be sure, but the Egyptian territory was perhaps his most 
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prestigious, and successful, conquest.  Ptolemaic Egypt was a fully fledged Greek-speaking part 
of the Greco-Roman world from the time of Alexander through Late Antiquity.35   
 
 It is the Greco-Roman heritage of late Antique Egypt that preoccupied the thoughts of 
European explorers and geographers of the Western Desert in the nineteenth and early twentieth 
centuries.  The British Geologist H.J. Llewellyn Beadnell, the colleague and contemporary of 
John Ball, catalogs his impressive observations on the natural world and spatial relationships of 
Kharga in his 1909 volume An Egyptian Oasis: An Account of the Oasis of Kharga in the Libyan 
Desert, with Special Reference to its History, Physical Geography, and Water-Supply.36  Like 
Ball’s tentative speculations and hypotheses about paleoclimate and ancient water beds in the 
desert, Beadnell’s turn-of-the-century observations are remarkable when compared with early 
21st-century geological understanding. Present scientific understandings of plate tectonics and 
paleoclimatic cycles did not come to light until long after Ball’s 1899 survey and Beadnell’s 
1909 publication: 
In prehistoric times natural springs fed through fissures may have existed here and there 
within the depressions; and in any case it is probable that prehistoric man obtained sufficient 
supplies by sinking wells in the upper sandstones, which in some parts of the oasis occur at or 
near the surface, and contain large quantities of sub-surface or sub-artesian water.  Nothing is 
known as to when flowing wells were first obtained, or by whom the original deep borings 
were made, and no traces of the implements used have been discovered.  Many of these 
ancient wells, frequently over 120 metres in depth, continue to flow at the present day, 
although in most cases with a greatly diminished output; a few, however, are still running day 
and night at the rate of several hundred gallons a minute. 
  
                                                
35 Roger S. Bagnall, Egypt in Late Antiquity, 4th printing, with corrections. ed. (Princeton, N.J.: Princeton 
University Press, 1996). 
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In some parts of the oases water-bearing sandstones occur at or near the surface, and from 
these beds the Romans obtained additional supplies by the excavation of underground 
collecting tunnels.  Subterranean works of this description are found in all the oases, the most 
remarkable being in Baharia and at Um el Dabâdib and Jebel Lebekha in Kharga.  They are 
frequently of great length, cut throughout in solid rock, and connected with the surface above 
by numerous vertical air-shafts.  Many of the latter measure from 30 to 50 metres in depth, so 
that the construction of these and the horizontal carrying channels must have involved an 
immense amount of labour.37 
 
Indeed, these “Roman” underground tunnel works are an intriguing prospect in northern Kharga, 
but they have not been excavated by archaeologists at present.   
 Remarkably, Beadnell’s first-hand reports of his 1905 forays into the flowing aqueduct 
shafts of Um el Dabadib are still the best existing reports of that site, and it was certainly a 
dangerous activity.  Beadnell reports on the period of Persian occupation in Kharga with primary 
reference to the impressive temple of Egyptian religion at Hibis, which was dedicated to the 
colony by the Achaemenid Darius I.  He gives his reasoning for the Roman predominance of 
irrigation works:  
Although the Persians and Romans left abundant traces of their occupation of the country in 
the shape of temples, forts, and monasteries… At no period in the history of the oases has so 
much attention been paid to the water supply.  Not content with tapping the deep-seated 
sources by means of bores, they carried out underground works of considerable magnitude 
and involving engineering difficulties of no mean order, so as to obtain additional supplies 
from the sandstones lying at or near the surface.  The methods employed were probably 
introduced from Persia, where underground aqueducts, or ‘kareez,’ for the transference of 
water from one locality to another, have from an early date been employed.  At the same time, 
judging by the character of the ancient buildings in the immediate neighbourhood of the most 
important of these works, it seems probable that the latter were for the most part 
constructed by the Romans.” [Emphasis mine – Note that Beadnell uses the modern Persian 
word kariz for these systems, whereas the word used in Iran is typically qanat, a word of 
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Underground aqueducts are found to some extent in all the chief oases of the Libyan Desert, 
but in Northern Kharga they far exceed in magnitude anything known elsewhere…38   
 
Certainly, Beadnell reports on the temple and fort complex at Dush, in the southern part of 
Kharga Oasis, but he does not mention the intricate systems of Ayn Manawir, a few kilometers 
to the west of that temple complex.  The current conditions for sand dunes and visibility during 
his travels cannot be estimated.  What is more likely is that the site of Ayn Manawir had fallen 
completely out of use as an irrigated field system during the time of his excursions at the 
beginning of the twentieth century.  The site might have appeared like any other sandstone 
outcropping, or field of dunes, at the time of Beadnell’s survey in 1905.  See Figure 4, below, for 
a view of why Beadnell might have missed the site at Manawir in 1905, which I viewed in 2007.   
The flow of these qanats had entirely ceased by 1905, because the source had long since 
desiccated, and been covered by the aeolian deposition of sand. 
 
 
IFAO Archaeological excavations of ‘Ayn-Manawir, Kharga Oasis 
 The qanat systems of ‘Ayn-Manawir, in the southern part of Kharga Oasis, adjacent to 
the ancient temple grounds of Dush (called Kysis in antiquity), are estimated to have been in 
continuous use from the fifth century BCE, during the Persian period, to the first and second 
centuries CE, during the Greco-Roman area, when the localized sandstone aquifer dried up 
completely – an estimated total of 700 years of continuous use.  A professional team of 
archaeologists from the IFAO (Institut Français d'Archéologie Orientale du Caire) has been 
                                                
38  ibid., 167 
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excavating this site since 1994.  They have published a very few reports with preliminary 
findings about the irrigation structure and its possible relationship to the more thoroughly 
excavated site of Dush.39  
 Historical dates and timelines from this work are calculated in a few different ways by 
the archaeologists: successive chronologies of the tunnels themselves, which were constantly dug 
and re-dug to combat tunnel erosion and to chase the falling water tables; pottery shards, which 
can be given relative dates by ceramics specialists; and a very few examples of ostraca, that is, 
found potsherds subsequently recycled into scraps on which to write texts, in this case, what 
seems to be a contract for the timing and ownership of water flow from the irrigation 
structures.40 These ostraca provide tantalizing textual evidence on the nature of water rights 
ownership at this site, but unfortunately they are all too incomplete, and the shards date from the 
later Greco-Roman (Ptolemaic) period.41 
 Lead archaeologist Wuttmann reports that the initial choice to dig in this particular 
sandstone outcrop of Ayn Manawir seems to have stemmed from the presence of natural 
“faults,” or evidence of artesian springs, coming through the surface of the domed sandstone 
outcrop under pressure. During periods of geological change, this sandstone hillock came to be 
perched above a layer of clay, so that the lower layer sealed off the waters that engorged the 
sandstone, and thus prevented the seepage of fossil waters from percolating back into the 
                                                
39  Michel Wuttmann et al., "The Qanats of ‘Ayn-Manawir (Kharga Oasis, Egypt)," Journal of 
Achaemenid Studies and Researches (JASR) 1, no. 1 (2000), www.achemenet.com/pdf/jasr/jasr2000.1.pdf  
Pierre Briant,,ed., Irrigation Et Drainage Dans l'Antiquité, 190. 
 
40  Wuttmann, The Qanats of ‘Ayn-Manawir (Kharga Oasis, Egypt) 
41  Michel Chauveau, "Les Qanats Dans Les Ostraca De Manawir," in Briant, ed., Irrigation Et Drainage 
Dans l'Antiquité, 137-42. 
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ground.42  This is a singular situation, and it is made possible by the unique hydrogeology of 
Kharga, multiplying the uniqueness of its geological context within the Nubian Sandstone 
Aquifer System.  
First-hand field observations, January 2007. 
 On the occasion of my own field visit to this site in January 2007, I was surprised to 
observe that the large hillock of criss-crossing tunnels was completely dry, and completely 
provided a vantage point over the sandy plains beneath it.  At first glance, this location, perched 
on a sandstone outcrop in the middle of the oasis floor, does not seem to relate to the sketches of 
a “classical” Iranian style of mountainous qanat systems.  Yet the system was drilled and 
tunneled, by all appearances, for the purpose of irrigating field systems that stretch out directly 
below the hillock.  The outlines of those formerly irrigated field systems are still visible to the 
casual observer, and they are just barely visible in the Google Earth satellite image: 
                                                
42  Wuttmann, The Qanats of ‘Ayn-Manawir (Kharga Oasis, Egypt) 




Figure 4.  Qanat site under excavation (foreground), and site of ancient irrigated fields at Ayn-
Manawir, Kharga Oasis, Western Desert of Egypt.   Source: Google Earth (2007). 
 
Figure 5.  Comparison: detail of a traditional qanat landscape in Nishapur, Northeast Iran. 
Source: digital data set in the author’s possession. Aerial photo taken 1956, digitized 2007. [See 
Appendix A] 
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Eventually, of course, the water-bearing sandstone outcrop of Ayn Manawir was depleted.  The 
successive tunneling efforts over hundreds of years could find no more water to chase, and the 
desiccation of this isolated aquifer was complete.  There is no conclusive archaeological or 
textual evidence, about the rationale and process through which the residents maintained and 
planned their irrigation system, year after year, generation after generation, for an estimated 
seven centuries.  The maintenance of the site at Ayn Manawir seems to have made the transition 
from Achaemenid regime to Ptolemaic (Greco-Roman) regime with little or no reason to 
abandon the sandstone hillock, until it finally ran dry.  
 
Assessing the Case for Diffusion. 
 
 The case of Ayn Manawir is both an ecological and archaeological conundrum.  Who 
were the people who farmed on this site? And why did they depend on water supplies for 
irrigation in one of the most hyperarid regions on Earth?  If hydrogeologists of the twentieth 
century have only recently begun to understand the complicated groundwater conditions of the 
Nubian Sandstone Aquifer, what did those ancient farmers understand about the conditions of 
their site, and in how far did they imagine it would last? 
 One way to look at this would be to think about desert oasis agriculture as a case of 
problem solving in an arid environment.  Although it might be a bit uncomfortable to think about 
it in this way, a desert oasis might possibly be construed as an opportunity for prosperous, 
irrigated, agriculture, instead of seeing the drawbacks of hyper arid desiccation, without a prayer 
of rain, and a seven days’ march from the marketplace of the greater Nile valley.  Groundwater 
irrigation is possible, and as Wuttmann points out, would have been more readily available in a 
situation where artesian well water was pressurized on an elevated hilltop. The elevated hilltop 
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presented another opportunity: a chance to direct the water flow by means of gravity, instead of 
having to expend energy lift the well water to the level of the fields by means of a bucket or 
other water lifting device.   
 Why, then, expend the considerable energy to tunnel through solid rock?  There might be 
multiple reasons to dig these tunnels, and the motivation was probably most apparent to the first 
group of engineers who initiated this project.  One rationale might be that the climate of hyper-
aridity promotes rapid evaporation, so it is a waste of water to conduct irrigation through open 
channels.  Indeed, this is one reason why qanat irrigation systems are efficient in arid 
environments.  However, the effort that tunneling requires would still be daunting: how did these 
engineers pursue that particular technological solution? 
 The extremely ready answer of “diffusion” from Achaemenid Persia seems 
oversimplified, in light of the very different situations of Ayn Manawir and the “classic” qanat 
irrigation systems of mountainous Iran.   Certainly, any Achaemenid hydraulic engineer who was 
familiar with the snow pack hydrological cycle in a mountainous qanat system would be able to 
see that the sandstone outcrop of Ayn Manawir, scorchingly close to the Tropic of Cancer and 
only 100 meters above sea level, would not function in the same way as a “classic” qanat in 
Persia.  If the answer was “diffusion,” as presumed by many twentieth-century geographers and 
also Beadnell (although he attributed the sites of Northern Kharga to Roman technology), then 
what exactly was diffusing from Imperial Persia, or Imperial Rome, to Kharga Oasis in the 
Western Desert of Egypt?   
 To draw a different analogy: the North Kharga temple of Hibis was dedicated by Darius 
and considered orthodox by the requirements of Egyptian religion.  The temple of Hibis certainly 
was not a Zoroastrian site, did not enforce the state religion of Achaemenid Persia, and the 
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Achaemenids under Darius are traditionally praised for their tolerance and promotion of cultural 
and religious plurality among their diverse territories.  Why would we presume that the irrigation 
technologies of Persia would diffuse to Kharga, when the belief systems of Persia did not diffuse 
to Kharga?  The answer might very well be more complicated than the analogy might beg it to 
be, for a variety of cultural, political, administrative, and institutional reasons that were particular 
to Achaemenids and Egyptians.  But the implication is that this could, indeed, be a case of 
independent adaptation to the highly unique, and complex, localized hydrology of the Oasis of 
Kharga.  
 Or perhaps the Persian methods of tunnel construction were, in fact, the decisive push to 
take Paleo- and Neolithic systems of water exploitation in the oasis and make them profitable 
enough to sustain a significant military or trade operation.  The engineering innovations of Ayn 
Manawir were successful, and locally appropriate, for hundreds of years, until the fossil 
sandstone water was entirely depleted. To stumble across these sand dunes in 2007, as I did, or 
1899 or 1905, as the professional geologists Ball and Beadnell did, would seem to indicate that 
this was a terribly unsustainable irrigation plan, with little foresight.  However, in the search for 
ancient motivations and environmentally sensitive methods of irrigation agriculture, the 
innovations of Ayn Manawir might appear to have been a brilliant, albeit cumulative, innovation 
in the history of oasis agriculture. These innovations, like all environmentally specific adoptions, 
would have to be seen in the context of what was available in the matter at hand.  An engineer 
sent from Persia might have helped Khargans to institute some of these techniques – but such a 
Persian emissary is not an obvious prerequisite for innovation in a desert oasis. 
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Mediterranean Nodes of Connection and Diffusion: 
The Mountain Agrosystems of Mallorca as an International Space. 
 
 The Western Mediterranean archipelago of the Balearic Islands is part of modern Spain, 
but Balearic history has a long-term association with travelers and settlers from North Africa and 
the Eastern Mediterranean. This chapter will consider recent decades of archaeological research 
about medieval hydraulic systems, including tunnel-wells (local name: ‘fonts de mina’) in the 
mountains of Mallorca, along with new directions in thinking about the Mediterranean as a trans-
regional space, belonging to the Near East, North Africa, and Europe. Particularly since the mid-
20th-century, this is also a space that has been claimed by post-war European travelers, and by 
the European Union, as the patrimony of Europe.  
 Mallorca (also rendered: Majorca, Mayurqa) is the largest of the Balearic islands, with its 
own distinct Tramuntana mountain range forming the northern ridge of the island. In addition to 
travelers’ writings about Mallorca, and government-sponsored publications using the vocabulary 
of preservation, tourism, and tradition, I draw on what I call the Barcelona school of 
archaeological research. This research team is often identified with the work of senior 
archaeologist Miquel Barceló, now Professor Emeritus of Medieval History in the Department of 
Antiquity and Medieval Studies at the Autonomous University of Barcelona (UAB). Since 1992, 
Barceló has been team leader and principal investigator of the long-term research project 
Hydraulic models in rural settlements of al-Andalus.1 This team has studied, modeled, and 
analyzed the archaeology of hydraulic and small-scale irrigated agriculture in the Balearics over 
three decades of work. They have articulated a method, called ‘hydraulic archaeology,’ for the 
                                                
1 Medieval History Section Website, Universitat Autónoma de Barcelona 
http://webs2002.uab.es/antiguitat/cat/area7.htm#Barcelo Accessed January 16 2011. Translation from 
Catalán is mine.  
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analysis of land use and change for agricultural, water, and property management in small-scale 
medieval settlements of eastern and Balearic Spain.2   
 Since tunnel-wells (‘fonts de mina’) are identified within the space of Mallorca through 
archaeological surveys completed by the Barcelona team, Mallorca’s mountain groundwater 
systems and histories serve here as a point of comparison for the diffusion of technical 
knowledge from mainland traditions of knowledge. Here, ‘mainland’ can be defined as Iberia; 
the Maghreb; the Levant; Yemen; or a cumulative, or sequential, influence from all of these. I 
remain skeptical that fonts de mina are lineal descendants from Persian ‘qanat’ structures, while 
the precise hydrological observations and skill of whoever took advantage of these forms of 
available water was indeed astute. The Barcelona team of archaeologists has studied and 
modeled small-scale agricultural settlements clustered around local water sources throughout the 
Balearic archipelago. 
 The Balearic Islands form a space of global connections. In this chapter, I am equally 
concerned to place these global connections within a framework of perceptions and projections 
of Mallorca: writers, tourists, seekers, and artists have all left a prolific paper trail about their 
perceptions, experiences, and observations of Mallorca and its mountain traditions. Economic 
                                                
2 Miquel Barceló,  Les Aigües Cercades : Els Qanat(s) De l'Illa De Mallorca (Palma de Mallorca: Institut 
d'Estudis Baleàrics, 1986); Miquel Barceló, H. Kirchner, and Carmen Navarro, El Agua Que no Duerme : 
Fundamentos De La Arqueología Hidráulica Andalusí (Granada: El Legado Andalusí, 1996); Miquel 
Barceló, The Design of Irrigation Systems in Al-Andalus, (Bellaterra: Universitat Autónoma de 
Barcelona, Servei de Publications, 1998); Thomas F. Glick and Helena Kirchner, "Hydraulic Systems and 
Technologies of Islamic Spain: History and Archaeology," In Working with Water in Medieval Europe: 
Technology and Resource-use, edited by Paolo Squatriti (Leiden: Brill, 2000) Vol. 3, 267-329; Helena 
Kirchner,  La Construcció De l'Espai Pagès a Mayurca : Les Valls De Bunyola, Orient, Coanegra i 
Alaró. (Palma: Universitat de les Illes Balears, 1997); Helena Kirchner,"Original Design, Tribal 
Management and Modifications in Medieval Hydraulic Systems in the Balearic Islands (Spain)," World 
Archaeology 41, no. 1 (March, 2009): 151-68. 
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development authorities, in turn, have claimed and valued the unique traditions of otherwise 
depressed mountain communities. 
 The mountains of Mallorca create a prism for viewing the production, or re-production, 
of groundwater technologies from distant spaces and specific geographies in the Eastern 
Mediterranean and Arabian Peninsula; Northwest Africa; and Europe. Mallorca is flanked to the 
East and West by the smaller islands of Menorca (Minorca); Formentera; Cabrera; and Ibiza 
(Eivissa; Yabisa). The modern Catalán language is spoken in Mallorca, but more specifically, the 
local dialect is a variation, “Mallorquín.” 3 
 To the east of Mallorca, the island of Menorca’s natural harbor and capital city, Mahón 
(Maó) was not only the namesake for an 18th-century French colonial sauce of fresh eggs and 
olive oil vinaigrette, mayonnaise; Mahón was reportedly founded as a Carthaginian city in the 3rd 
Century BCE, named Puertus Magus after the brother of the North African General Hannibal, 
who famously attacked Rome by leading troops and African elephants in about fifteen days over 
the Alps, from Spain to northern Italy, in 218 BCE.4   
 Carthage, the North African colony (in modern Tunisia) founded as an operations base by 
Phoenicians from Tyre (in modern Lebanon) in the 7th or 8th Century BCE, was fundamentally 
                                                
3 In rural Mallorca, traffic and commercial signs are typically written in Mallorquín, depending on the 
type of business, and whether the information is intended for local, tourist, or expatriate European 
populations. Mallorca has heavy concentrations of German, British, and French vacationers and 
expatriates; the European budget airline “Air Berlin” is headquartered in its hub city of Palma de 
Mallorca, one sign of the important role of the German tourist economy for Mallorca.  During my field 
observations in the Tramuntana Mountains of Mallorca in Summer 2008, I was readily understood by 
locals when I spoke Castilian Spanish, German, or English. However, treatment as a cultural insider in 
Mallorca clearly requires a command of Mallorquín, or at least the mainland Catalán dialect.  I was not 
usually presumed American, probably because there are so few Americans in the Balearics, in stark 
comparison with mainland Spanish, German, British, and French populations who form the primary 
economy for the island. 
 
4 “Elephants” and "Hannibal,”  The Oxford Dictionary of the Classical World. Edited by J. W. Roberts. 
Oxford: Oxford University Press, 2005, 253; 324-25. 
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concerned with connections of trade between the Western and Eastern Mediterranean.5  The 
Phoenician colony of Gades (modern Cádiz) was founded on the coast of southern Spain by 
merchants from Tyre in the 8th century BCE, probably to take advantage of silver mines.6 The 
island of Ibiza (Eivissa, Yabisa), to the west of Mallorca in the Balearic archipelago, was 
similarly a Phoenician or Carthaginian port of call, and the island was named by Semitic 
speakers (both Phoenician and Arabic belong to the Semitic family of languages).7 
 Thus, although the Western Mediterranean Balearic archipelago belongs to the modern 
nation-state of Spain, and is assigned to the European Union for purposes of modern politics, 
identity, economy, society, and language, the space of Balearic island geography has a 
continuous history of pan-Mediterranean connections. The Balearics’ pan-Mediterranean 
connections did not begin with the period of Islamic conquest in Spain during the 7th-9th 
centuries CE. The hybrid cultural and physical spaces of al-Andalus, or Islamic Spain, created a 










                                                
5 “Carthage,” ibid., 133-34. 
 
6 “Spain,” ibid., 719-20. 
 
7 “Ibosim, Ebusus, Yebisah. Also spelt Iviza. The third largest of the Balearic Islands and a city-port, it 
was at one time inhabited by the Phoenicians who named it Ibosim. The Romans called it Ebusus and the 
Arabs, when they arrived in the 9th century, Yebisah.” From "Ibiza"  Concise Dictionary of World Place-
Names. John Everett-Heath. Oxford University Press 2010. Oxford Reference Online. Oxford University 
Press.  Columbia University.  14 January 2011 
  <http://www.oxfordreference.com/views/ENTRY.html?subview=Main&entry=t209.e3108> 
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Traces of agricultural productivity in a tourist landscape. Water sources for Mallorca’s 
mountain agrosystems.  Snow and the Mediterranean hydrologic cycle. 
 
 In the high meadows of Mallorca's Tramuntana mountain range, abandoned olive 
terraces, stone walls, and toeholds and staircases hewn into the mountainside give way to small 
“dry stone” technique masonry structures alongside pastures, structures that are not so obvious in 
their original purpose. For a summer hiker, as I was, thirsting under the August heat on top of 
those mountains, south of Barcelona and north of Algiers, it was not obvious what those lonely 
structures of smooth stone-paved pits were supposed to be. In fact, they were the kind of 
evidence I was looking for, but I did not know, exactly, that I was looking for these ‘cases de 
neu’ or snow-houses. 
Figure 1. Image of the foundations from a ‘snow 
house’ in the mountains of Mallorca. Image credit: tourism and heritage brochure, Consell de Mallorca.8 
 
Though sheep, goats, and occasional mules roamed freely around me in these public pastures, I 
seldom encountered other humans, other than a very few honeymooning couples from Germany 
or Austria, in the ill-advised days of August, shouldering a backpack weighed down with 
drinking water for my day's consumption. Hiking trails are well maintained by local groups 
                                                
8 La Ruta de pedra en sec: Ses voltes d’en Galileu. L’itinerari de la neu (Palma: Consell de Mallorca, 
Departament de Promoció i Ocupació, 2003) 
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interested in maintaining the Mediterranean patrimony of dry stone masonry (‘Pedra en sec’) 
with cultural heritage preservation funds from both the “Consell de Mallorca” and the European 
Union. The modern space of Mallorca’s Tramuntana mountains is well maintained as semi-
public pasture, allowing livestock to wander, and forcing humans to climb laddered gates. The 
woods, nature preserve, and wooded stream areas (torrents) form as gullies during seasons of 
precipitation runoff, and each mountain torrent’s related spring is associated with its own local 
brand of drinking water.  
 The cultural heritage of Pedra en Sec “dry stone” masonry is explained in a European 
Union report as an ecologically preventive measure to cope with precipitation swings of the 
Western Mediterranean, and to mitigate destructive flash floods of the torrents, overflowing 
down the mountains during intense periods of heavy rainfall. By terracing and securing mountain 
soils with step-masonry; by intercepting and diverting the torrents at a perpendicular angle; and 
by siphoning the natural gulleys along constructed beds, the Pedra en Sec rationale is to maintain 
and preserve the mountain landscape with extensive stone masonry. “These torrents can have 
extremely high temporary rushes of water which cause destructive flooding[.] The rainfall for 
these extreme conditions often totals more than 100mm in a day or occasionally 400mm in a day. 
This phenomenon is especially frequent in the mountainous areas [of Mallorca].”9   
 In their long-term history of the Mediterranean as a whole space, but also as a series of 
smaller, inevitably connected spaces and ecologies, Horden and Purcell consider human 
institutions of subsistence and market, in addition to geological and hydrological factors in 
human ecology across Mediterranean lands, from Antiquity to the present. They find a historical 
                                                
9 Guillem Alomar, Isabel Ferrer, Miquel Grimalt, Antoni Reynés, Raquel Rodríguez, Dry stone work: 
Materials, tools and traditional techniques in the Mediterraneran Islands Report of the Project 
MEDstone, in Catalan and English. Vol. 2, Mallorca (Palermo, Italy: Officine Grafiche Riunite, 2002), 
216.  
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Mediterranean theme of terracing slopes (gradient, ‘la tyrannie de la pente,’ or “tyranny of the 
slope”) to mitigate problems of erosion and flash flooding, especially because of shared 
geological characteristics of regolith, uplift, erosional karst topography, and caves and sinkholes 
of soluble limestone. Likewise because of slope and water run-off, there is a common risk of 
fast-moving streams, and eroded gullies, across Mediterranean landscapes and societies.10 
 In addition to dangerous flash floods, the MEDstone heritage preservation report explains 
the dry-stone masonry technique was born of yet another ecological extreme: Summer in 
Mallorca is hot and dry, with a lack of water for irrigation, livestock, and human use exactly 
when it is needed most:  
The lack of rainfall and high temperatures in summer, characteristic of the island’s 
Mediterranean climate, made it necessary to build ingenious drystone masonry structures to 
store rainwater or surface runoff, and also to collect underground water produced by the 
infiltration of the limestone and quaternary deposits which make up a large part of Majorca... 
… 
Natural springs found at the foot of a terrace wall were often adapted using drystone masonry 
capelletes [small domes to protect the aqueduct and to prevent people falling in] and more 
complex systems were used for underground passage springs [fonts de mina], which 
consisted of digging out underground galleries down to the water table to withdraw 
water.  
 Underground passage springs usually have drystone masonry faced entrances, passages, 
and openings.11  
 
These fonts de mina, ‘tunnel-wells,’ are described in the MEDstone brochure as “ingenious” 
local adaptations to the particular geology, topography, and unpredictable (stochastic) 
Mediterranean weather patterns of Mallorca.  
 The MEDstone Project for the Conservation and Sustainable Use of Landscapes 
Characterized by Dry-Stone Works implies that geography itself has pre-determined the 
                                                
10 Horden and Purcell, The Corrupting Sea : A Study of Mediterranean History, 234-7; 308-10. Previously 
cited in my Introduction, n21, in relation to Braudel and long-term human geography. 
 
11 Ibid., 190. Emphasis is mine. 
3. Mediterranean Nodes of Connection and Diffusion 77 
 
knowledge and trade of generations of stone-masons. In turn, the geography of mountainous 
Mallorca certainly has been adapted, shaped, and modified with local landscapes of dry stone 
masonry. In particular, these fonts de mina, or tunnel-wells, are designed to siphon water out of 
the aquifer and into the open. A question, then, for the space of mountainous Mallorca: were the 
tunnel wells ‘carried by Arabs,’ who learned it from Persians? Or did the tunnel-wells make 
sense according to the carefully observed water patterns and desired modifications of Mallorcan 
topography?  
 
Figure 2. Cover image of tourism brochure for a restored “snow 
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 In 2003, the Consell de Mallorca published a 17-page tourism and heritage pamphlet in 
Catalan language about traditional snow storage pits of mountainous highland Mallorca. The 
brochure explains that workers would gather ice and snow from the highlands during winter, and 
then store it in a covered, stone-lined pit at high elevation until needed for culinary or medicinal 
uses.12 The “snow itinerary” suggested by the pamphlet is a sub-section of the heritage-preserved 
“Dry Stone Route” hiking and nature trail through the Tramuntana highlands. This brochure and 
Pedra en Sec network of trails is part of the wider, funded MEDstone Project, described above in 
the separate commission report, emblazoned with the circular star logo of the European Union. 
The commission report is authored by a three-country, multi-lingual initiative from three distinct 
island regions: Western Mediterranean Mallorca (Balearic Islands, Spain): South-Central 
Mediterranean Pantelleria (Sicily, Italy); Eastern Mediterranean Naxos (Greece). 
 The interregional coordinator of Project MEDstone describes the purpose of this 
European Union-funded project in two ways: in terms of both preserving historical technique and 
also in terms of spreading “know-how” or traditional technique for a common Mediterranean 
goal of ecological hillside preservation, pride in heritage, and economic development:  
sustainable development of the territory of the Mediterranean islands [should be] 
characterised by dry-stone works; with such aim, [partners have] shared methodologies and 
actions directed both to the recuperation of the traditional dry-stone work techniques 
(conservation of the landscape) and to the promotion of the correlated economic activities 
(sustainable development). This strategy includes the implementation of a true interchange 
of experiences and know-how between the Partners of the three Islands, [with the aim of] 
sustaining the integration of the European Regions and obtained through the realisation of 
specific interregional actions, deeply linked to the local activities.13 [Edited for clarity in 
English; emphasis is mine.] 
 
                                                
12 Consell de Mallorca, La Ruta de pedra en sec: Ses voltes d’en Galileu. L’itinerari de la neu. 
 
13 Eliana Arletti, Report of the Project MEDstone, 8. 
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In the MEDstone European Union publication, published in recognizable but not fluent English, 
the official voice and funding of the European Commission ( D.G. REGIO, RECITE II 
Programme, ERDF – Article 10) seeks to re-introduce the traditions of the mountains of the 
Mediterranean for their own sake, as point of pride and heritage; as ecological corrections to 
mountain soil erosion;  and also for the sake of European integration, cohesion, and local 
economic development.  
 The language of European unity, following centuries of devastating wars in Europe, is 
supplemented by the jargon of sustainable development and technical heritage, or labor-intensive 
‘know-how’ to be spread through person-to-person exchange and learning.  As a formalized 
body, the European Union imprimatur permits the multi-lingual, multi-regional, and the 
inherently local to form their own categories of value, for their own sake. However, there is no 
question, in the language of the E.U. MEDstone project, whether these are European spaces, 
regardless (or because?) of Mallorca’s proximity to Algeria, Pantelleria’s location near Tunisia, 
or Naxos’ closeness to Turkey. 
 The modern space of the mountains of Mallorca does conceal, or perhaps reveals and 
preserves, a history of intensive agriculture and water management.  At approximately 800 
meters of elevation, in the water catchment between the summits of Tossals Verds and 
Massanella, in the mountains rising to the Northeast of the city of Palma, the vegetation-covered 
‘Canaleta’ or minor aqueduct of the Massaneta water source is clearly old, out of use, and 
exhibits extensive masonry at a steep slope.  Scrambling on a path that seems more frequented 
by sheep than humans, across a ravine, this glimpse of a defunct, perfectly leveled, and 
gracefully arched aqueduct is a monument ready for ‘discovery’ within the Mallorcan medieval 
agricultural landscape. 
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Figure 3. Canaleta built into 
the Tramuntana mountains, approximately 800 meters elevation. Photo by author, August 2008. 
 
 Even higher up the slope, alongside a well maintained fresh water reservoir covered by 
dense fog every morning, and siphoned out by modern aqueducts carrying household water from 
this high point in the Tramuntana mountains, untamed olive trees take root beside the reservoir 
service path, which doubles as a hiking trail.  These feral olives are not planted by farmers for 
cultivation in neat rows; they found their own niche here, and they are permitted to carry on, as 
bystanders to the infrastructure of tourism, instead of being cultivated for production.   
 Mallorca has, in the last half-century, turned to industrial-scale tourism for its economic 
lifeblood.  The economic growth and increasing standard of living in post-war Western Europe 
found one outlet for economic success in spending deutsche marks and British pounds in 
Mediterranean holiday country. In the era of the European Union, mountainous hiking and bird-
watching  trails have become more profitable than citrus exports, or olive terraces.  Aside from a 
tourist trade catering to cave-seeking spelunkers, rock climbers, bikers, hikers and birdwatchers 
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who place great value on peaceful mountain trails, perhaps the greatest local export from the 
rural space of Mallorca is the international tennis star Nadal. This family name graces the rural 
taxi service, the local inn owned by an elderly and infirm couple, and the convenience store I 
visited in 2008. These Mediterranean mountains are a place to leave from, or a place to grow old, 
exactly as the environmental historian J.R. McNeill observed in his 1992 history of the 
mountains of the Mediterranean, as he explained the dual process of what he called “skeleton 
mountains and shell villages”14 to describe the progression of ecological destruction and resource 
extraction in mountainous agricultural landscapes. 
 These mountains have a new life on the Southern rim of Europe, or more precisely, on 
the southern edge of the European Union.  Not only does the Mallorcan economy stand to benefit 
from tax revenues associated with European tourists; the European Union (E.U.) has embraced 
the federated Balearic autonomous cultural and linguistic archipelago as an example of regional 
patrimony, heritage, and cultural preservation.  Europe, in the guise of the E.U., has come to 
underwrite, validate, and preserve the space of the mountains and their associated cultural 
traditions or “patrimony,” with protected pastures and hiking-trails, and the three-region 
commission of the MEDstone project (Mallorca/Spain; Pantelleria/Italy; Naxos/Greece).  Many 
more Europeans find their international recreation on the beach, in the seaside towns of 
Mallorca, Menorca, and Ibiza. This emphasis on beach resorts is the basis of Mallorca’s tax 
revenues and tourist industry.  
 Mallorca, the largest and most mountainous of the Balearics, also claims a distinctly 
urban medieval tradition in the port city of Palma. Beyond its towering sea-side cathedral, known 
for being visible from a great distance at sea, Palma was home to medieval trade networks of 
                                                
14 John R. McNeill, The Mountains of the Mediterranean World : An Environmental History. (Cambridge: 
Cambridge University Press, 1992), 2. 
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merchants with economic interests across the Western Mediterranean, including Aragonese and 
Catalans, Jews, Muslims, and Berber traders.  David Abulafia, a contemporary British historian 
of the medieval Mediterranean, examines the greater 11th-14th century Catalan-Aragonese 
Kingdom of Mallorca, a Western Mediterranean kingdom with its eponym from the island 
itself.15  
 The greater kingdom of Mallorca was an integrated network of trading interests across 
Aragonese-Catalan mainland and island possessions (including the cities of Perpignan, now part 
of Spain; and Montpellier, now part of France; along with the Aragonese islands of Sardinia and 
Sicily, now part of Italy), effectively connecting Western European trade routes with North 
Africa, and also to the African and Northern European Atlantic worlds.  With the Catalan-
Aragonese campaign for reconquest, Abulafia describes the Kingdom of Mallorca’s network as 
increasingly Christian in the 13th-14th centuries: “The Balearics formed a Christian forward 
position perched almost on the edge of Africa.”16 However, in Abulafia’s assessment, the 
economic and political unity of the greater Kingdom of Mallorca in the 13th and 14th centuries 
was altogether precarious, and caught between the hegemonic interests of [Spanish] Aragon and 
France: the kingdom “never really fulfilled its function as a frontier territory looking south to 
Africa, and was condemned to a fragile existence as a permeable frontier looking north, stuck 
between France and Aragon.”17 
 The case for Christian reconquest of the Western Mediterranean also formed the setting 
for perhaps the most famous of Catalan Christian martyrs, a celebrated son of recently arrived 
                                                
15 Abulafia, David. A Mediterranean Emporium: the Catalan Kingdom of Majorca, Cambridge University 
Press, 1994 
 
16 Ibid., xiii. 
 
17 Ibid., 54-55. 
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Catalan merchants in the port city of Palma de Mallorca. Ramón Llull is best known as a prolific 
writer, translator, and Christian missionary who sought to convert both Muslims and Jews in 
13th-century North Africa.  It was during a retreat of spiritual solitude in the Tramuntana 
mountains of Mallorca that Llull had his vision of expansive missionarism and conversion by 
persuasion, rather than military force. Llull is especially known for learning Arabic, and perhaps 
Hebrew, as instruments of persuasive conversion.18   
 
Modern Europeans in the Mountains of Mallorca 
 In the mountainous retreat in the direct hinterland rising above the port city of Palma, 
where Llull had his medieval vision, the monastery at Valldemossa gained further fame in 
mainland Europe as both a spiritual retreat and wooded playground for Romantic-era Europeans. 
The Habsburg Archduke Ludwig Salvator (called Luis Salvador in Mallorca), born in Florence, 
Italy in 1847, left Germany-Austria in 1867, at the age of twenty, and five years later bought land 
to establish his Miramar estate in the mountains near Valldemossa. The Archduke established 
horse-trails for riding, contemplation, and scientific observation. These horse-trails are now 
preserved as hiking paths and promoted by the Consell de Mallorca for some of the best vistas in 
the mountains near Valldemossa. They are also evaluated by MEDstone as different in 
construction from the traditional Dry-stone technique. 
 The Habsburg Salvator learned the local dialect of Mallorquín from romantic 
relationships with peasant women, particularly Catalina Homar, whom he mourned in a 1905 
biography of the same name, after she died of influenza while Salvator was traveling abroad.19  
                                                
18 Ibid.,  13-14 
 
19 Ludwig Salvator, Archduke of Austria, Catalina Homar (Prague: H. Mercy Sohn, 1905), 99-100 
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Salvator published not only his admiration for one peasant woman of Mallorca’s Tramuntanas, 
but also a translated volume of Balearic folk tales, and a multi-volume study of the geography 
and folkways of the Balearic archipelago, titled Las Baleares/ Die Balearen.  The first two 
volumes won a “Gold Medal” prize at the Exposition Universelle in Paris in 1878, and all seven 
volumes were published in Germany in 1897. The Archduke’s Balearen surveys his geological, 
climatic, agricultural, and folkloric observations of the archipelago.  Salvator especially 
privileges the Tramuntana mountains, where he made his home, in his description of the 
hydrology of freshwater resources, as superior to the other, smaller Balearic islands precisely 
because of the larger landmass and also the vegetated mountains, whose highest peak rises to 
1,443 meters,20 unique to Mallorca’s northern ridge: 
Larger bodies of surface water are not present, but there are numerous Torrents, which 
swell so much under strong rains that they briefly turn into broad rivers, and cause 
extensive damages when they flood. Aside from the rains, the frequency of which mostly 
determine how much water is in the Torrents, the contribution from suddenly and 
simultaneously melting snow masses in the [Tramuntana] mountains is not insignificant. 
Just as soon as the rain bursts have stopped or the snow is all melted, the Torrents start to 
dry up. Only the bigger runoff streams maintain any water at all in the driest seasons, here 
and there storing their water in the rock undercut, and in Mallorca these are called Corchs. 
Water runs off of the plains, and flows into both bays: Alcudia [Northeastern end of the 
Tramuntana mountain range, facing Menorca] and Palma [Southwestern end].21 
 
The mountain-surface Torrents described here by Salvator are more dependent on rain and 
sudden snowmelt than on groundwater. The torrents are flowing downhill, in a flash flood during 
seasonal precipitation or snowmelt, but they are not stored within the aquifer. Of course, there is 
usually a hydrological relationship between surface water and groundwater: an excess of one will 
                                                
20 A. E. Adams, Mallorcan Geology (Cardiff, Britain: Dept. of Extra-Mural Studies, University College, 
1988), 2. 
 
21 Ludwig Salvator, Archduke of Austria, Die Balearen : Geschildert in Wort Und Bild. (Würzburg: L. 
Woerl, 1897), 106. The translation from German is mine. 
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create the other, depending on geology and topography. However, these first-hand observations 
by the Archduke do  not indicate a groundwater ‘clock’ of a very long duration, indicating 
surface water in Mallorca’s mountains comes quickly, and leaves quickly; the mountain 
agriculture of Mallorca needs a way to store that rain, fog, or snow melt.  At the same time, it is 
interesting that Salvator noted a possibility for water stored in the rock undercut, whose local 
name he called “Corchs.”  
 As world traveler, folklorist, and naturalist, the Archduke was elected an honorary 
member of Geographic Societies throughout Europe and the United States, including a 
designation as life-long member of the American Museum of Natural History in New York. The 
web site for the Ludwig-Salvator-Gesellschaft in Vienna, a society dedicated to honoring and 
compiling his life travel and works, speculates the Archduke picked up a parasite on his travels, 
causing a crippling case of elephantiasis, a widespread and chronic parasitic disease in tropical 
countries today.  The Archduke, official “adopted son,” promoter, and chronicler of Mallorca, 
died in northeastern Italy, outside of Trieste, during the first months of World War I. While the 
outbreak of war prevented him from traveling back to his adopted Mallorca, he did not die from 
battle wounds or assassinations, as many of his Habsburg relatives did, but rather due to 
complications from a surgery related to his tropically acquired disease.22 
 A generation before the Habsburg admirer established his estate at Miramar, French 
novelist and essayist George Sand and Polish-French composer Frédéric Chopin famously 
retreated to the campus of the Valldemossa monastery at Miramar, built at the site of Llull’s 
                                                
22 Website of the Ludwig-Salvator Society, Vienna, Austria. www.ludwig-salvator.com Accessed April 
21 2011; Biographies of the Archduke Salvator: Helga Schwendinger, Erzherzog Ludwig Salvator : Der 
Wissenschaftler Aus Dem Kaiserhaus : Die Biographie (Vienna: Amalthea, 1991); Leo Woerl, Publisher 
of Travel Guides and Author, Erzherzog Ludwig Salvator Aus Dem Oesterreichischen Kaiserhause Als 
Forscher Des Mittelmeers (Leipzig: Woerls Reisebücher-Verlag, 1899). 
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illumination, for an artistic retreat of their own design in the winter of 1838-39.23 Sand’s 
travelogue account of her winter stay in Mallorca was translated into English more than a 
century afterwards, in 1956, by the British poet and celebrated adopted son of artistic Mallorca, 
Robert v.R. Graves.24 The expatriate war veteran does not disguise his irritation with the 
nineteenth-century Frenchwoman’s unhappy characterizations of his adopted Tramuntana home 
through a series of refutations in his translator’s footnotes.  Graves had already acquired fame as 
the foremost English language memoirist of the First World War, publishing Good-Bye to All 
That in 1929. His Great War memoir was one of the first to be published in English, creating an 
international reputation and giving Graves enough income to settle permanently in his new home 
at the hillside village of Deyá, on the bluffs of the Tramuntana mountains overlooking the 
Mediterranean, adjacent to Miramar and Valldemossa. 
                                                
23 Chopin’s “Raindrop Prelude,” No. 15, is supposedly inspired by the repeating raindrops in Mallorca in 
Winter. Classical music critic Sara Fishko remarks in 2011, “The prelude is known for its repeating A-
flat. As persistent as that note is the story behind it: that Chopin and George Sand (his lover at the time) 
fled to Valldemossa in Mallorca, Spain, to escape the wagging tongues of Paris society, as well as the 
cold, rainy Paris winter of 1838. There, they worked: he at his piano, she at her desk. But it is said it 
rained there, too, in Mallorca, and rained, and rained.” Sara Fishko, “Chopin’s Raindrop Prelude,” Series: 
The Fishko Files, aired March 19, 2011. 
 
24 In his 1929 memoir, Good-bye to All That, Graves recalls the pain his Bavarian mother’s German 
surname, von Ranke, caused him in the climate of pre-War Britain, during his adolescence at a British 
boarding school, and well through his British military service, describing how he was often bullied, 
suspected of being a German spy or sympathizer, and particularly scrutinized as a result of his mother’s 
connection to Germany.  Graves grew up in Wimbledon, a southern suburb of London, but during World 
War I, his mother took up residence in London, at the house of her brother, the German consulate, while 
the consulate was suspended. On a visit home from the front due to injuries, Graves observed that all 
telephone conversations  would naturally be listened to.  Graves was not only fluent in German, having 
spent childhood summers on his grandfather’s Bavarian country estate, and well aware that his Bavarian 
cousins were serving on the opposite side of the battle lines; his great uncle was the German historian von 
Ranke who is often credited with the modern study of History “wie es eigentlich gewesen [ist].” Graves, 
who learned rock climbing from George Mallory in Britain, and obtained an English literature teaching 
job in Cairo on the recommendation of T.E. Lawrence (“of Arabia”), was an impressively connected 
modern European figure, for someone who willingly exiled himself to an obscure mountain village in the 
Tramuntana mountains. In his 1957 epilogue to the revised edition, Graves mentions that among his many 
undistinguished Egyptian pupils in Cairo, before he gave up teaching English and settled in Mallorca, was 
the new leader of Egypt, Gamal Abdel Nasser. Robert Graves,  Good-bye to All That (New ed., rev., with 
a prologue and an epilogue, Garden City, NY: Doubleday, 1957). 
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What follows is a characteristic translated passage of Sand’s text, followed by Graves’ 
footnoted defense of Mallorcan culture, agriculture, and indigenous traditions. Graves, the 
translator and commentator from French to English, had outlined his distaste for France and 
French people, acquired in the trenches and villages of 1916, in his memoir of trauma amid what 
he calls the “Protestant morality of the English Governing classes.”25 In this passage, the Early 
Romantic French author George Sand wonders whether the fruits of Tramuntana orange groves 
could be exported to the salons of Paris: 
George Sand, Winter in Majorca: 
In Majorca… although the land is farmed with the most meticulous care, agriculture is in its 
infancy. Nowhere else have I seen the soil worked either so patiently or so ineffectually. Even 
the simplest machinery is unknown, and all is done by manpower: but Majorcan arms, very 
lean and weak compared with ours, work to an incredibly slow tempo... They take half a day 
to till less land than would be tilled [in France] in two hours. Notwithstanding this apathy, 
every inch of Majorca is cultivated, and to all appearance well cultivated. The inhabitants are 
said never to have experienced famine; but though endowed with all the treasures of nature, 
and enjoying the finest of climates, they live even roughter and more grimly frugal lives than 
our peasants.26 
 
Translator’s Footnote by Robert Graves:  
Ploughing by oxen is not speedy even in the French Pyrennees. Ploughing a stony olive grove 
with a mule team, in and out of the trees, is a tricky task. There were few horses in Majorca, 
as George Sand explains. The peasants work long hours, and though not large-limbed are as 
strong as French peasants; and a great deal more sober. Owing to a 200 per cent import tax on 
machinery, agriculture is still almost completely unmechanized, even on the plain.27 
 
In this exchange between 19th-century travel writer and 20th-century expatriate, the perceived 
value, contempt, and defense of the Mediterranean island as an agricultural, mystical, 
undeveloped, backward, or paradisical space takes on its own set of values and disagreements. It 
was Sand’s great disappointment to find two inches of snow, rain, and fog in the Tramuntanas in 
                                                
25 Ibid., 347. 
 
26. George Sand, Winter in Majorca; with José Quadrado's Refutation of George Sand. Translated from 
French and Annotated by Robert Graves, 1956 (Chicago: Academy Press, 1978), 18. 
 
27 Ibid., n2, 18. 
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the winter of 1838-9, when she hoped for a sunny climate in winter, especially for the benefit of 
her companion, the coughing, consumptive Chopin.28 In the early 21st century, it has already 
snowed at least twice in the Tramuntanas in winter. This is precisely the Mallorcan mountain 
snowfall for which the casas de neu or snow pits of the high meadows were intended.  
 The distaste for Sand’s vision of Mallorca is laid bare by Graves: he contrasts a tourist’s 
judgments and expectations versus the adopted local knowledge of his new home; his post-war 
20th-century sensibility versus Sand’s covetousness of her own Romantic composer, Chopin; 
Sand’s role as a scandalous, irreverent woman of French literary society versus Graves’ persona 
as upper-class British expatriate, poet, war veteran, autobiographer, and popular translator of 
Greek mythology in a mountainside artists’ colony. 
 The Habsburg Archduke, and also Sand and Chopin, were long gone by the time Robert 
Graves disputed Sand’s version of Mallorca’s mountain terraces: the mid-twentieth century 
vision of Mallorca as a quaint, timeless, paradise began to collide with Spain’s portion of the 
European economic miracle in the 1960s. As Tony Judt observes in Postwar, “Spain’s economic 
modernization was largely a by-product of other nations’ prosperity,” including Northern 
Europeans from industrial economies who wanted to, and could afford, a leisure vacation in the 
sun during their guaranteed vacation weeks from work.29   
 Mallorca, then, was becoming a space for Europeans, especially Europeans seeking 
escape from prosperous, gossiping, cold-weather, war-torn, or industrial European society. These 
promoters and publishers contributed to a European imagination of Mallorca as pristine, exotic, 
backward, even primitive, and yet accessible to Europe – claimed for, and by, the European 
                                                
28 Ibid., 17. 
 
29 Tony Judt, Postwar : A History of Europe since 1945 ( New York: Penguin Books, 2006), 517. 
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Union’s narrative of its own historical and economic interests. It is not a coincidence, perhaps, 
that the Anglo-German literary figure, Robert Graves, had chosen Mallorca to live a happier life 
away from Britain.  The Tramuntanas of the Mediterranean were becoming standard to industrial 
Northern Europe’s expectations and narratives in the twentieth century. 
 
Looking for a centralized model in the mountains of Mallorca 
 To return to the labor-intensive, small-scale mountain agriculture maligned by the 
visiting George Sand in 1838-9; celebrated by the patron Archduke Salvator in 1878; and 
defended by the expatriate Robert Graves in 1956.  The long-term archaeological and historical 
project of the Barcelona team has sought to define the transitions and lives of small-scale, labor-
intensive mountain agriculture in Eastern Spain and the Balearics.  Of particular interest to the 
Barcelona team of archaeologists, who publish in Catalan, English, and Castilian Spanish, is the 
question of long-distance influence on local decision-making, or the idea of technical diffusion, 
with all of its intermediate stages of human migration, human communication, observation, and 
learning, and adaptation to new environments.  
 Studying human spaces of intensive labor and technical change, these archaeologists have 
asked the following sets of historical questions:  what were the historical influences on Andalusi 
(Muslim Iberian) hydraulic spaces?  Were these local, foreign, or hybrid sets of technical 
innovations? Do irrigation technologies and small-scale agricultural strategies reflect the tribal or 
clan affiliation of settlers? Or do these technical strategies reflect a specific set of local options, 
with specific paramaters determined by the local hydrology and stochastic weather patterns of 
spaces like Mallorca’s highlands? 
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 The possibility for long-distance technical diffusion and local versus geographical 
determinism depends on Mallorca’s spatial situation, reliably unreliable precipitation, geology, 
topography, and heritage. This comes back to my central organizing question of whether it is 
possible to diffuse the knowledge required to manage unique hydrological conditions in 
Mallorca’s highlands.   
 Was there a centralized or imperial program of technical knowledge to create the 
diffusion of ‘qanat’ systems in Mallorca appearing to resemble systems in North Africa, the 
Eastern Mediterranean, or even Iran? Does a centralized state program of hydraulic policy 
explain the technical history these archaeologists have examined in the small-scale irrigated plots 
of Mallorca? Is it fair to classify the mountain hydraulic modifications in Mallorca as 
genealogically related to the tradition of miles-long Iranian filtration galleries, or are these ‘fonts 
de mina’ perhaps an independent strategy, appropriate to Mallorcan hydrology? 
Figure 4.  Distinctive, rounded air 
ventilation shafts of a disused ‘qanat’ or font de mina on private land in Coanegra/Santa Maria, elevation 
200 meters, southern slope of the Tramuntana Mountains. Photo by author, August 2008. 
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Figure 5. Disused air shafts from the same private 
estate in Coanegra/Santa Maria from Figure 4, southwestern piedmont of the Tramuntana Mountains, 
Mallorca. The capital city of Palma is visible in the distance, upper left horizon. Photo by author, August 
2008. 
 
Figure 6. Disused downward-sloping 
water guide and basin in the mountain valley of Orient, Mallorca, about 400 meters elevation, about 7km 
up the path from Coanegra/Santa Maria, pictured in Figures 4 & 5. Note how the water is guided through 
the width of the stone wall, approximately 1 meter wide. Private sheep farm bordered by public hiking 
trail. Photo by author, August 2008. 
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Diffusion, Migration, Conquest, and Complexity: the Iberian Way 
 In general, the conclusion on the part of the Barcelona team of archaeologists with regard 
to any theory of centralized, imperially organized technical diffusion of hydraulic landscaping is 
“No.” Their analysis is based on the scale and knowledge of peasants who assume tremendous 
risks in farming, and who are eager to minimize that risk by carefully assessing what works best. 
The Barcelona team argues the practical knowledge of trial and error is also the invested 
knowledge of carefully observed, thought-out, and well-planned infrastructure.  The paradigm of 
state-sponsored waterworks referred to by Karl Wittfogel’s theory of centralized water policy is 
refuted by the Barcelona team, with particular attention, on their part, to problems of scale, 
topography, and technique: 
The question of the ‘origin’ of irrigation systems makes no more sense than does the 
colonialist explanation – still unthinkingly offered by many historians – according to which 
the Romans civilised the world by developing all known water technology… [R]eferences to 
the Romans as responsible for the irrigation systems of the Maghreb – references made at 
least since the time of the French colonial administration – in fact conceal and shelter a notion 
identical to that of K. Wittfogel (1957), according to whom the State designed and built all 
irrigation systems.  
 
This assumption is based on the premise that the normal operation of large-scale irrigation 
agriculture requires that peasant groups be made to cooperate through obedience to some 
higher form of polical organisation. The State would thus be the only social agent able to 
organise complex irrigation systems, which would then necessarily reveal uniform features, 
the indelible marks of their powerful creator.30 
 
This follows a generation of historical and social study of Andalusi water management on local 
scale of institutions and practices.  
                                                
30 Barcelo et al., The Design of Irrigation Systems in el-Andalus, 1998, 9-10. 
Diana Davis’ Resurrecting the Granary of Rome deals precisely with the French colonial assumption that 
Arabs and Berbers had ‘mis-managed’ the local ecology of the Maghreb, and documents the ecological 
effects of European perceptions and subsequent interventions. Davis, Resurrecting the Granary of Rome : 
Environmental History and French Colonial Expansion in North Africa (Athens: Ohio University Press, 
2007). 
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 In his 1970 study, Irrigation and Society in Medieval Valencia, on the mainland, Thomas 
Glick delineated some of the problems and motivations of this problem of ‘origins,’ for a 
practice that is so clearly rooted in a particular topography. Why, after all, have hydrological 
practices been framed in this language of ‘origins’? Glick differentiated between the aims of 
historians of Spain and modern social scientists, who are partial to the study of institutions for 
the sake of institutions – minus any history – and historians, still arguing with their historian 
predecessors of the 19th century. Glick recounts how students of Spanish irrigation were talking 
in different idioms, with divergent purposes: 
The historians and the social scientists had different aims. The historians were concerned with 
discovering – largely by conjecture – the origins of the irrigation canals and with describing 
the growth of a corpus of customary irrigation law. The problem of origins, so typical of 19th-
century historiography, was elaborated polemically by partisans of a Roman origin theory and 
by those who emphasized Islamic influences. The social scientists, on the other hand, were 
only marginally interested in the past of the institutions they studied. The divergence in 
approaches and concerns of the different discplines accounts for the lack of any systematic 
study of the social structure of medieval Spanish irrigation, a void which [Irrigation and 
Society in Medieval Valencia] attempts to fill.31 
 
The integration of Muslim Iberia (al-Andalus) into the historiography of Spain has been even 
slower than Glick’s statement might have led one to expect.  
 In 1969, Glick, a historian, and Pi-Sunyer, an anthropologist, approached the dynamics of 
cultural and technical change in Spanish history, as a contribution to a small, burgeoning 
dialogue about the dynamics of inter-cultural and trans-regional influences in Iberian history. 
This dialogue, they report in 1969, was encouraged by the notion of pluralist, usually urban, 
‘convivencia’ or living-together among Abrahamic religionists (Muslims, Christians, and Jews) 
                                                
31 Thomas F. Glick, Irrigation and Society in Medieval Valencia (Cambridge, Mass.: The Belknap Press 
of Harvard University Press, 1970), 2.  
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during the 900 years before the expulsion of Muslims and completed Christian ‘reconquista’ of 
the Peninsula in 1609 CE. 32  
 At the same time, Glick and Pi-Sunyer are wary of the 19th-century Spanish historians’ 
debates, which sought to define ‘Eternal Spain’ through racial and/or religious character, 
characterized by a dichotomy of 19th-century historians’ standpoints: “the anti-semitism of 
Francisco Javier Simonet, in whose ethnocentric view all that was worthy of Hispano-Muslim 
culture was owing to purely indigenous, eternally Spanish elements,” – a familiar, nationalist 
discourse – versus the “philo-semitism of Francisco Fernandez y Gonzalez, to whom the Arab 
conquest was nothing but a renewal of an original Puno-semitic Iberian civilization” – another 
familiar nationalist discourse, calling on remnants of ancient imperialism to forge a 
forgotten/remembered national identity.33 
 As of 1969, Glick and Pi-Sunyer defined the languages, religions, and origins of the 
Islamic society arriving with the ‘Arab Conquest’ in 8th-century Iberia as a mixture all its own: 
a newly formed, heterogeneous, and intra-acculturating body of Arabs, middle-easterners of 
varying cultural backgrounds, arabized Jews, and [non-Arab] Berbers. The [Iberian] 
Christians falling under Islamic rule represented in turn different degrees of Romanization 
and Germanization, while those who escaped Arab subjugation and survived as fighting 
nuclei of resistance in the northern mountains [of Iberia] slowly became differentiated into 
five distinct romance-speaking culturo-linguistic groups (from east to west, Catalan, 
Aragonese, Castilian, Leonese, and Gallego-Portuguese, to which the Basques must be added 
as a culturally distinctive group).34 
                                                
32 Thomas F. Glick and Oriol Pi-Sunyer, "Acculturation as an Explanatory Concept in Spanish History," 
Comparative Studies in Society and History 11, no. 02 (1969), 136. Glick and Pi-Sunyer credit the 
beginnings of this dialogue, based cultural arguments derived from literary and philological sources, with 
the publication of Américo Castro’s Structure of Spanish History published in Mexico in 1948, appearing 
in English translation in 1954: Américo Castro, The Structure of Spanish History (Princeton: Princeton 
University Press, 1954).  
 
33 Glick and Pi-Sunyer, "Acculturation as an Explanatory Concept in Spanish History,” 144.  
The idea of forgotten and remembered ancient predecessors is explored in Benedict Anderson, Imagined 
Communities, and discussed in my Introduction. 
 
34 Glick and Pi-Sunyer, 147-8. 
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Some decades later, María Rosa Menocal reflects in her 2005 essay, “Why Iberia?” on the very 
name, Iberia, as a geographic designation, instead of the more national Spain, “that the terrible 
difficulty of finding worthy names is at the heart of the matter here, at the heart of why it is that the 
study of the cultures and peoples of the Iberian peninsula during the medieval period is as exacting, 
as stimulating, as important as it is. ” Menocal, a scholar of medieval literature and poetry, 
continues:  
If we call Rodrigo Diaz, the Cid, a Spaniard, why not his contemporary Judah Halevi? And why do we 
so often—even among those of us who ‘know better’—persist in calling the Muslims of the Iberian 
peninsula ‘Moors’ or even ‘Arabs’—thus grossly confusing religion and ethnicity and suggesting, 
every time we do, that to be a Muslim was always not to be a Spaniard, in the way that being a 
Christian was, or that confession is equivalent to ethnicity?35 
 
Menocal was writing in a moment that she called “our fifteen minutes, if we are its students.” In 
a moment of popular anxiety and hunger for wisdom about the Islamic-European encounter, after 
a 21st-century terrorist attack on Madrid claiming itself a modern revenge for medieval misdeeds, 
Menocal does not wish to reduce the academic study of medieval Iberia to digestible “political 
wisdom” for ready consumption.36 Instead, as a scholar of medieval poetry reflecting on the early 
21st-century moment, Menocal refers back to the 20th-century historian “Américo Castro’s 
insights about the profound intermarriage of the different peoples of Spain during the medieval 
centuries were initially based not on medieval texts but on his readings of the turmoil that lies just 
beneath the surface of the most ‘canonical’ and ‘pure’ works of Castilian literature in later 
centuries, when Spain had seemingly become something like the opposite of what it had once 
been.”37 
                                                
35 María Rosa Menocal, "Why Iberia?" Diacritics 36, no. 3-4 (2008), 7. 
 
36 Ibid., 9. 
 
37 Ibid., 7-8. 
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 Taking into account these calls to seek complexity beneath the surface, the past few 
decades of the Barcelona team of archaeologists and historians studying local, dynamic, yet 
tribally-affiliated intensive agrosystems are perhaps even more exciting. By re-creating models 
of small-scale hydraulic systems based on fixed water sources, as well as toponym-based 
archival and field interview research (for example, by noting Catalan registers of the reconquest 
as local alqueria and rafal, designating ‘farm’ and ‘small farm outpost,’ local Catalan 
derivations of archaic Arabic vocabulary38), the Barcelona team is seeking the historical 
mechanism for something more, perhaps, diffuse than a centrally organized paradigm of 
technical diffusion.39 
 In the assessment of the Barcelona team, the agency of migrant peasant-tribal systems of 
small-scale irrigation in Muslim Mallorca belonged to the doers and users, the migrating 
peasants who settled on plots of land in the Balearics, including Mallorca. Using written records 
of systems that continued to function, as recorded directly after the Catalan conquest, and by 
painstaking analysis and reconstructed models, the Barcelona team finds no evidence for top-
down state involvement, or central organization. They refute Wittfogel’s claims about the 
primacy of the state, and the “despotic” transition from Roman Spain to Muslim Spain.40  
                                                
38 Kirchner, “Original Design, Tribal Management and Modifications in Medieval Hydraulic Systems in 
the Balearic Islands,” 161-2. 
 
39 Horden and Purcell are delighted with the Barcelona team’s intensive study of hydraulic spaces in the 
Western Mediterranean, as a new region of comparable interest: “a historical Mediterranean irrigated 
landscape outside Egypt at last receives serious study…” Horden and Purcell, The Corrupting Sea (2000), 
243-4. 
 
40 Kirchner, “Original Design, Tribal Management and Modifications in Medieval Hydraulic Systems in 
the Balearic Islands,” 151-2.  Félix Retamero, also part of the Barcelona team of archaeologists, devoted a 
2009 chapter to the “Long Shadow of Wittfogel” and questioned why, exactly, Iberian historiography had 
not devoted much energy to refuting this claim, after half a century. Félix Retamero, “La Sombra 
Alargada de Wittfogel: Irrigación y Poder en Al-Andalus,” in Manuela Marín, Ed., Al-Andalus/España : 
Historiografías En Contraste, Siglos XVII-XXI (Madrid: Casa de Velazquez, 2009), 263-293. 
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 Wittfogel wrote in 1957 that Muslim Spain, after it was conquered by non-Europeans, 
was a “genuine hydraulic society.” Interestingly, in Wittfogel’s assessment, the attention to 
astronomy and mathematics in Muslim Spain was symptomatic of a ‘hydraulic society.’ The 
power of the state, and centralized power, remain Wittfogel’s primary areas of concern: 
Prior to the Islamic invasion, the Iberian peninsula was the home of a protofeudal civilization, 
which had small-scale irrigation agriculture but probably few hydraulic enterprises. In sharp 
contrast to the Romans, who seized Western Europe, the Arab conquerors of Spain were 
entirely familiar with hydraulic agriculture, and in their new habitat they eagerly employed 
devices that had been extremely profitable in the countries of their origin. Under Muslim rule 
‘artificial irrigation… was improved and extended… on Oriental models,’ and this included 
government management: ‘its superintendence was the business of the state.’ 
 Thus Moorish Spain became more than marginally Oriental. It became a genuine 
hydraulic society, ruled despotically by appointed officials and taxed by agromanagerial 
methods of acquisition. The Moorish army, which soon changed from a tribal to a 
‘mercenary’ body, was as definitely the tool of the state as were its counterparts in the 
Umayyad and Abbassid caliphates. A protoscientific system of irrigation and gardening was 
supplemented by an extraordinary advance in the typically hydraulic sciences of astronomy 
and mathematics. Contemporary feudal Europe could boast of no comparable development.41 
 
And yet, the peasants made their plans based on available mountain water sources; they planned 
their irrigation-dependent livelihoods around those small plots and sources.42 Kirchner concludes 
the typical size for these homogeneously structured, and homogeneously small, agricultural plots 
was less than 1 hectare each, or about 2.5 acres. Kirchner adds that her Barcelona colleague 
Retamero further theorizes, based on his studies of neighboring Menorca, that small, fixed plot 
size may be an intentional act of population control and planning: to prevent runaway growth of 
peasant settlements, beyond the available water supply, a fixed small size of infrastructure is 
                                                                                                                                                       
 
41 Wittfogel, Oriental Despotism, 215. Glick (1970) comments on Wittfogel’s interpretation of Islamic 
Spain as flawed, interpreting Wittfogel’s presumption that “an impressive irrigation system must be the 
work of an impressive government.” Glick, Irrigation and Society, 173-4. 
 
42 Kirchner, “Original Design, Tribal Management and Modifications in Medieval Hydraulic Systems in 
the Balearic Islands,” 163. 
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embedded in the culture of agriculture for arriving Muslim peasants in the Balearics.43 Indeed, 
this would be a stark example of understanding the hydrological system at hand. 
 The Barcelona archaeologists have demonstrated that intensively planned, grouped, and 
homogeneously small-scale plots were the norm for tribal clans of ethnic Arab and Berber 
settlers coming from the Iberian mainland to the Balearics, starting in 902 CE. To reach these 
conclusions, they have used a variety of methods, including tax records, field surveys, place-
names, ceramics, and pollen analysis, for modeling and mapping of defunct and destroyed 
systems which did not survive the era between the Catalan conquest of Ramón Llull’s era and the 
present. The Barcelona team believes the institutional knowledge for local water management 
and rights systems honed by Berber and Arab clan groups from the Iberian peninsula to the 
Balearic frontier influenced careful patterns of infrastructure and plots, all very similar, and all 
clustered around the best water sources.  It is not clear whether ‘qanat’ or fonts de mina were part 
of the initial or later-added infrastructure, but the relatively small scale of qanat in Mallorca (in 
one case, in the Bunyola valley in the hinterland of Palma, the tunnel-well dug into the 
catchment aquifer of the local Torrent des Verger was measured at 16 m long, ! meter high, and 
lined in an arched vault of dry-stone masonry44) indicate the overall plan of settlement made use 
of the best water source that was available: surface or aquifer.  
 The observation and use of these water sources was key to settlers’ success, which further 
relied on the social expectations of settlers who arrived and built this infrastructure. Whether or 
not the settlers brought social and technical preferences with them, the success of the system 
relied on careful use of the mountain hydrology that existed there – understanding, as part of 
                                                
43 Ibid., 164. 
 
44 Kirchner, La Construcció De l'Espai Pagès a Mayurca : Les Valls De Bunyola, Orient, Coanegra i 
Alaró, 205-7. 
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their expectations and (successful) technique, that the total water supply itself was not up for 
negotiation.  The narrow mountain valleys of Tramuntana hydrology featured torrents, irregular 
rainfall, flash floods, and the opportunity to draw from the catchment-basins of torrents. The size 
and planning of a 16-meter font de mina would be less practical in the Zagros, Alborz, and 
western Hindu Kush mountain piedmonts of the high-plateau Iranian context, where mountains 
are higher, rain is rarer, and snow is the basis for hidden water. 




Karaji’s 11th-century Treatise on the Extraction of Hidden Waters:  
Observation and Invention, and their Modern Interpreters 
 
 
Of Aquifers and Tendons: Karaji as Observer of the Variety in the Life of Rocks 
 
 “God alone knows which aquifers and which veins He created under the surface.”1 This 
statement, from Mohammad al-Karaji, marks not only his piety as a Muslim scientist writing in 
Arabic in the 11th century CE, but also his expertise, as a writer of a procedural manual on qanat 
tunnel planning, construction, and maintenance. His intended audience, he explains, is a local 
political patron in the highlands of Iran, to whom he wants to make himself useful. Karaji reports 
that he left the intellectual milieu of Mesopotamia, presumably Baghdad, the cosmopollitan 
Abbasid city where he practiced algebra, for which he is best known in the history of 
mathematics.2   
 By insisting that groundwater is variable, unknown, and essentially hidden in its variable 
behavior from one discrete location to another, Karaji was not projecting false modesty, nor 
ignorance – instead, this marks the caution of an expert tradesman, who combined his talents 
with those of a literate theoretician and his keen sense of observing and describing the 
hydrological cycle at scales of the granular (dirt, dew, dust, and seeds) and colossal (cycles of 
solar proximity, mountain formation, glaciers, sedimentation). The peasants and specialized 
                                                
1 Karaji, Section 15, Appendix B.  
References to Karaji’s treatise are numbered here according to Section instead of by page number 
(Sections 1-30). My English translation is available in full in Appendix B to this dissertation. This is my 
translation from Aly Mazaheri’s 1973 edited and annotated French translation from the 1941 Arabic 
Hyderabad edition of the manuscript, originally composed in Arabic circa 1017 CE:  Muhammad ibn 
Husayn al-Karaji and Aly Mazaheri, La Civilisation Des Eaux Cachés : Traité De l'Exploitation Des 
Eaux Souterraines Composée En 1017 A.D. (Nice, France: Université de Nice, Institut d'études et de 
recherches interethniques et interculturelles, 1973) 
 
2 J. Lennart Berggren, “Mathematics in Medieval Islam,” in Victor Katz, ed., The Mathematics of Egypt, 
Mesopotamia, China, India, and Islam, Princeton: Princeton University Press, 2007, 552. 




qanat engineers, or muqanni, who worked on, within, and maintained groundwater tunnel-
aqueducts in Iran were not usually literate, nor trained in the abstract written symbols of Karaji’s 
algebra and trigonometry. Moreover, this is part of what makes Karaji’s text anomalous: he 
wrote down his observed theories and accumulated knowledge from experts, with added value of 
his own expertise, and he reported these ‘best practices’ in a step-by-step ‘how-to’ manual – but 
for whom?  A noble aristocrat?  A curious observer? A potential investor who might like to open 
up new lands to irrigated productivity?  
 Above all, it would not be a muqanni or well-digger who would read this text, if we could 
even imagine a college for muqannis. Their version of school, certainly, was apprenticeship in 
the field.3  In the very last section of the Treatise, Section 30, Karaji dispenses some canny 
advice for patrons who wish to contract with local contractors, or middlemen-entrepreneurs: 
Water is valuable, as always, but Karaji seems to offer his particular ‘added-value’ to the process 
so that his noble patron might 1) pay Karaji for a cursory, amusing, and original overview of the 
process, in a tutorial language of groundwater theory, observation, and tips for maintenanance 
and construction, for which Karaji claims he has “deliberately avoided excessive length, so that 
everywhere I have stuck to what is essential in this subject,”4 and  2) so that the investor might 
have an upper hand in negotiating the process with contractors. 
  Thus, Karaji’s statement about the unpredictability and variety of aquifers and veins was 
not a sign of ignorance; rather, his intensive series of tests, and repetitions of ‘if you find… then 
try…’ statements are the mark of someone who understood the implications of hydrologic supply 
                                                
3 In fact, the German Engineer Hans E. Wulff assisted in the expansion of just such a technical college in 
Iran, but not until 1937-1941, as discussed below. 
  
4 Karaji, Section 30, Appendix B. 




in the particular soils and landscapes of the Iranian plateau. This supply depends on renewable, 
fresh mountain snows percolating through rock to supply the piedmont supplies of groundwater, 
which Karaji calls ‘Hidden Waters.’ Writing for a literate prospective patron, Karaji details, 
rather exhaustively, where to go, if you want to find good fresh water underground, and what to 
do, after you have found it. Knowing that eyes can lie, Karaji takes care to point out that many of 
his reported techniques for finding groundwater do not rely on sight.  After all, if these are 
“hidden,” they are out of visual perception. 
 After detailing the non-visible methods, Karaji offers some visual cues to his 
groundwater-interested reader, or his textual apprentice: 
              Not knowing how to read the terrain for signs which indicate the presence of water in 
the sub-soil, it is not the point to become acquainted with this art.  Up until now, I have 
enumerated all the characteristics revealing the presence of water, except the only sight that 
reveals this presence.  
   
              Let us say then that the whole steppe which lies at the foot of the mountains 
described (in the previous section) contains water. Since amid these steppes stretched out at 
the foot of these mountains, the water is located at a shallow depth in places where they are 
closer to the Center of the Earth, especially in porous ground. If the steppe is entirely made of 
similar porous ground, there is water throughout it, more or less close by, but even so, the 
water is located at more shallow depths, in places closer to the Center of the Earth. And at a 
greater depth, in places where they are further distanced. As for the flow of water, it is the 
same everywhere.  
 
              It goes without saying that here where the wild plants are the most abundant, this is 
also where the water will be found at a shallower depth, all the more so in greater quantity 
when the plants are more tender, when they release, in the morning, at a good hour, the most 
humidity.  
   
              And there is water underneath the valleys where the springtime floods flow, and 
those which are like extensions of the high valleys; when it behaves in the valleys apparently 
without a way out, permitting the said waters to flow further, on the far side.  
   
              Here where you will see every morning the ground covered in mist, in fog, or simply 
in dew, you will know quickly that there is water.  
   




              Here, where in the basins or the basins in the area around mountains, you hear 
something like the whistling/hissing of the wind, there is water, especially here where there 
are plants and here where there is morning dew; otherwise the whistling could not be heard, in 
fact, this wind that whistles/hisses is a fissure in the sub-soil, producing a sound. 
 
              And according to the Ancients the whole basin, or whole basin covered with black 
earth contains water.  This is found most often at the bottom of ravines, caverns, and chasms, 
in the form of soft loam.  5 
 
 In the above passage, instead of going through all the tests to find sub-soil ‘hidden’ water 
as detailed in the section preceding this one, Karaji explains some features that exist in the 
between-world of perceptible and non-perceptible to the human eye. Hidden waters, here, exist 
in some forms that offer cues of perception to the astute observer.  Karaji presumes his reader 
does not share these sense perceptions, and explains some of the characteristic sounds, plant life, 
and humidity that might be obvious to the untrained eye. 
 This particular aspect of Karaji’s point of view, in this text, begs some questions about 
who he was, and where he came from. We do not know any of his origins for certain, as I explain 
further below, in my brief biographical and textual review of how his treatise has been received 
and confused by Euro-American audiences, sometimes depending on the spelling and  his 
transliteration of his name, sometimes for more categorical reasons than orthography. 
 If Karaji is an accomplished mathematician, how did he obtain this apprentice-level 
knowledge, later formalized as a text? Did he play the role of an ethnographer or sociologist, 
pestering and interviewing well-diggers and peasants, with his 11th-century clipboard in hand, 
asking them questions while they roll eyes at his ignorance? Did he have a close familiarity with 
muqanni practices in the Iranian highlands as a child, before descending to the metropolis of 
Baghdad and university life as an adult? Did he come from Baghdad, and ascend to Iran’s 
                                                
5 Karaji, Section 5, Appendix B. 




mountain highlands during a time of political turbulence in Mesopotamia, and discover wonder 
in the groundwater practices of Iranian agriculture and society? Did he read every theoretical and 
descriptive work about the behavior and origin of water-bearing strata  – “The Ancients [‘the 
first ones’] say,” he repeats to the readers of his Treatise – without specifically attributing how 
many works, or whether he is repeating one, or summarizing many?  We do not know. He does 
not tell us.  And of course, writing in the 11th century, these categories of possibility would likely 
have seemed absurd, from his perspective. Absent of that perspective, we will surmise on the 
origins of the text’s author, at peril. 
 
Tehran to Baghdad? Biographical remembering and forgetting of Karaji’s name and life, 
and his modern interpreters. 
 
 The Treatise on Extraction of Hidden Waters is a set of written, prescriptive, instructions 
for observing and using groundwater resources in the mountains and foothills of the arid Iranian 
plateau. The author, Mohammad Abu Bakr Mohammad Ibn al-Hasan al-Karaji, explains a type 
of hydrology and technique that is useful, and observed, in a very specifically Iranian 
geographical context.  
 For late-modern receivers of Karaji’s 11th-century treatise, the cycle of historical 
remembering, forgetting, and re-configuring of Karaji’s hydrological legacy is consistent with a 
relationship between, on the one hand, traditional, disused, or endangered landscapes of 
groundwater knowledge and use; and on the other, nationalist and modernizing prescriptions of 
ancient glory and future scientific achievement. Hans Wulff, German engineer, Dean of the 
Technical College at Shiraz before the Second World War, and author of The Traditional Crafts 
of Persia published by M.I.T. Press in 1966, perhaps captured these attitudes through describing 




his role in a paradoxical or disjointed relationship, between the years of 1937 and 1941, in these 
very first words of the Preface to his 1966 book: 
 When in 1937 the late Reza Shah Pahlavi addressed the staff and students of the Technical 
College at Shiraz, he seemed pleased that the work at the college was aiming at the training of 
Western-type technicians and engineers. These were the men he needed for his program of 
industrialization and for the development of his country. I was then principal of the College. Standing 
in front of a table with tools and machine parts made by the students, holding a precision instrument in 
his hand, and facing the staff, he said: “You must be proud that your students can produce an 
instrument like this which, until recently, had to be imported from abroad.” But later in his speech he 
added: “This is all very well, but doing this work, don’t forget that this country has a great tradition of 
craftsmanship of a different kind.” Turning toward the government officials, he asked them to make 
sure that the technical colleges established classes for training in traditional crafts like silversmithing, 
wood carving, brocade weaving, and the like. 
 
  These classes were opened not long afterwards. To integrate them into my college I had to study 
the crafts closely, and this was the beginning of my interest in them an interest which led me to the 
recording of most of the crafts which were still alive at this time.”.. It was a pleasant surprise to find 
that the Persian craftsmen, with few exceptions, were not suspicious of a foreigner investigating their 
craft secrets. It took a while to gain their conference, but once that was established most of them were 
proud to show their skill; they permitted photographing and patiently answered questions.6 
 
Wulff, then, with his German engineering education, was recruited to Shiraz as an expert, 
foreigner, and educator; suddenly re-born with new fascination for traditional Persian technique; 
an accidental ethnographer, and salvage recorder of dying-out traditions; an elite foreigner and 
outsider who needed to win the craftsmen-peasants’ trust; and simultaneously, on behalf of the 
legacy of those peasants, (and none the lesser on behalf of the glory of ancient Iran, as invoked 
by the nationalist monarch Pahlavi), their principal benefactor, and also benificiary, and 
portraitist. What burden, honor, and strange fate for this curious German engineer! 
 In the annotated Bibliography to Wulff’s 1966 book published in English, modern and 
medieval sources in German, English, Arabic, and Persian demonstrate an awakened curiosity on 
Wulff’s part, indeed.  Among these sources is one in English by Krenkow, “The Construction of 
Subterranean Water Supplies during the Abbaside Caliphate,” published in Scotland in 1951. 
                                                
6 Wulff, Preface to Traditional Crafts of Persia, v-vi. 




This English-language text is the sole reference to Karaji’s Treatise on the Extraction of Hidden 
Waters in Wulff’s 1966 book, but Krenkow himself, writing in the Transactions of the Glasgow 
University Oriental Society in 1951, did not even realize who Karaji was.7  
 To understand how this could have happened, I will investigate the narrative loop of late-
modern orientalists and historians who received Karaji’s Hidden Waters, as intertwined with 
competing interests, none outlined more poignantly than Wulff’s explication, above. These 
interests range from 20th-century modernizing nationalists and engineers; claims of technical 
exceptionalism, diffusion, invention, and innovation emanating out of Iran; and the ebb and flow 
of re-discovery and re-invention of the author, Karaji, an algebra scholar from the Abbasid era. 
 Called the “oldest textbook dealing with groundwater problems hitherto known” by two 
hydrologists writing in the hydrology journal Ground Water in 19728, Mohammad al-Karaji’s 
Kitab Inbat al-Miyah al-Khafiya, or “Treatise on the Extraction of Hidden Waters,” was 
originally composed in Arabic towards the end of the mathematician’s career, circa 1017 CE.9 
The algebra specialist had mostly practiced in Baghdad.  
 As discussed below, there is some controversy about whether Karaji was in fact Iranian 
(“Karaji” from Karaj, near modern Tehran); or whether he was Mesopotamian, an Arab 
(“Karkhi” from the Baghdad district, Karkh).  While I have chosen the Iranian toponym here, 
                                                
7 F. Krenkow, "The Construction of Subterranean Water Supplies during the Abbaside Caliphate," 
Transactions - Glasgow University Oriental Society 13 (1951) 
 
8  M. Nadji and R. Voigt, """Exploration for Hidden Water" by Mohammad Karaji; the Oldest Textbook 
on Hydrology?"," Ground Water 10, no. 5 (1972), 43. Nadji and Voigt were writing based on the 1966 
Persian translation by Khadiv-Jam. 
 
9  Muhammad ibn al-Husayn Karaji d.ca.1016 and Aly Mazahery, La Civilisation Des Eaux Cachés : 
Traité De l'Exploitation Des Eaux Souterraines Composée En 1017 A.D. (Nice: Université de Nice, 
Institut d'études et de recherches interethniques et interculturelles, 1973), 187. 




Karaji was without a doubt a mathematician who wrote in Arabic, the dominant scientific 
language of his time, and lived in the cosmopolitan milieu of late-Abbasid Baghdad during the 
highlights of his scientific career. 
 Karaji is best known among historians of science for his contributions to geometry and 
irrational numbers. In a reference work on the History of Mathematics published by Princeton 
University Press in 2007, Karaji’s works are discussed within the history of al-gebra, or solving 
for the “restoration of the whole.”10 Karaji is mentioned in this reference work after al-
Khwarizmi, the Baghdad author of a 9th-century textbook on algebra. Al-Khwarizmi was 
anglicized into an eponymous mathematical concept of algorithm, the basis for binary code 
computer programming, among other uses.11 After a brief biographical note and translated 
excerpts of Karaji’s algebraic work, the 2007 reference continues its section on medieval Islamic 
                                                
10 J. Lennart Berggren, “Mathematics in Medieval Islam,” 552. 
Etymology of algebra, from the Oxford English Dictionary Online:  “< Italian algebra (also Spanish 
algebra, medieval Latin algebra), < Arabic al-jabr the redintegration or reunion of broken parts, < jabara 
to reunite, reintegrate, consolidate, restore; hence, the surgical treatment of fractures, bone-setting. Also 
in phr. ʿilm al-jabr wa'l-muq!bala, i.e. ‘the science of reintegration and equation (opposition, comparison, 
collation),’ the Arabic name for algebraic computation. In this sense the first part of the Arabic title was 
taken into Italian in 1202, as algèbra; the second part, almuc!bala, was used by some medieval Latin 
writers in the same sense. The 16th cent. English algeber (fancifully identified by early writers with the 
name of the Arabic chemist Geber) was either taken directly < Arabic or from French algèbre; but the 
Italian algèbra became the accepted form (accented ˈalgebra by 1663).” algebra, n. Second edition, 1989; 
online version June 2011. <http://www.oed.com/view/Entry/4919>; accessed 02 July 2011. Earlier 
version first published in New English Dictionary, 1884. 
 
11 Etymology of algorism, n. 2. = algorithm, Oxford English Dictionary Online: “algorism, n.< Old 
French augorisme, algorisme, augorime; < medieval Latin algorism-us (compare Spanish guarismo 
cipher), < Arabic al-Ḵuw!rizm", the native of Ḵw!razm (Ḵiva), surname of the Arab mathematician Abu 
Ja'far Mohammed Ben Musa, who flourished early in the 9th cent., and through the translation of whose 
work on Algebra, the Arabic numerals became generally known in Europe. (Compare ‘Euclid’ = plane 
geometry.) Algorisme being popularly reduced in Old French to augorime, English also shows two forms, 
the popular augrime, ending in agrim, agrum, and the learned algorism which passed through many 
pseudo-etymological perversions, including a recent algorithm in which it is learnedly confused with 
Greek ἀ#$%µ&' ‘number.’” Second edition, 1989; online version June 2011. 
<http://www.oed.com/view/Entry/4956>; accessed 03 July 2011.  




algebra with a description of mathematical works by the 11th-century Iranian poet and 
mathematician Omar Khayyam.   
 While Khayyam’s Rubaiyat (“Quatrains”) and Khwarizmi’s algorithmic processes are 
engrained and familiar in the texture of mid-late 20th- and early 21st-century university life in the 
United States, Karaji’s role as a mathematician remains entirely distinct, even stubbornly 
estranged, from his role as hydrological observer and engineer. Here is the 2007 reference book’s 
complete biographical entry on Karaji. There is no mention of his hydrological work: 
All we know about the life of Abu Bakr al-Karaji is that he worked in Baghdad around the 
year 1000 and that in the first decade of the eleventh centruy he dedicated a book on algebra 
to a vizier Fakhr al-Mulk. He appears to have been the first person to develop the algebra of 
expressions containing arbitrarily high powers of the unknown. We present here an excerpt of 
his development of the binomial coefficients and “Pascal’s triangle.” This excerpt is translated 
from the work of Al-Samaw’al ben Yahya ben Yahuda al-Maghribi (1125-1174), since al-
Karaji’s original work on the subject is no longer extant.”12 
 
Before the Ground Water journal article appeared in 1972, the hydrological text had caromed 
among historians and Orientalists for a few decades, unable to agree or communicate about the 
text’s author and origins. Here, I review some of these disagreements and misunderstandings, 
and the miscommunication is indicative of larger problems in granting veracity to vernacular 
observations of hydrological systems. 
 Karaji was known to historians of science in 19th-century Europe as an Abbasid author of 
mathematical texts. According to French author Henri Goblot, who published his wide-ranging 
study of qanat technologies in Paris in 1979, the problem of transcribing Karaji’s name 
consistently (based on the Iranian toponym) traced back to an error in Arabic transliteration, 
probably upon the publication of a translation of Karaji’s algebraic works in 1853 by the 
mathematical historian Franz Woepke (d. 1864), who transliterated the mathematician’s surname 
                                                
12 J. Lennart Berggren, “Mathematics in Medieval Islam,” 552. 




as “al-Karkhi,”13 and was succeeded by several more generations of historians in referring to the 
mathematician “Karkhi.” Part of the problem with this name “Karkhi,” which would imply a 
Mesopotamian origin in a district near Baghdad for such a person, was the overriding concern 
with the mathematician’s status as an Arab, and not a Persian.14 
 The twentieth-century perception of Arabic mathematical sophistication versus Persian 
hydrological ingenuity reflects both a cultural stereotype and, more important, a bifurcation in 
types of knowledge that are valued and perceived: Arabic/Persian; Formal/Practical; 
Mathematical/Geological. In fact, these types of knowledge were unified in the person of one 
author. Karaji was all of these things: a mathematician who wrote in Arabic and lived in the 
heart of Baghdad intellectual society; a detailed observer of Iranian geographies and technical 
traditions; an instrument maker; a (self-proclaimed) improver of Iranian traditions; a refugee, and 
returnee, to the mountainous geography of Iran. The most important fact about Karaji’s text, 
however, is that he wrote down his observations at all – there would be nothing to translate, or 
argue, or analyze. Many texts, of course, have been lost, with or without controversy. 
 Goblot recounts how this spelling error was resolved by European historians of 
mathematics in 1933, based on a review of Arabic mathematical manuscripts by Karaji housed in 
the Bodleian Library, Oxford. With this clarification, the history of science community could be 
more certain about Karaji’s name and whether he was an Arab who wrote in Arabic, or a Persian 
who wrote in Arabic, the scientific language of his time; the latter is now presumed correct for 
                                                
13  Muhammad ibn al-Hasan Karaji and Franz Woepke, Extrait Du Fakhrî : Traité d'Algèbre Par Aboû 
Bekr Mohammed Ben Alhaçan Alkarkhî ; Précédé d'Un Mémoire Sur l'Algèbre Indéterminée Chez Les 
Arabes (Paris: Imprimerie impériale, 1853), 152. 
 
14 Goblot explains his view of the orthographical origins of this problem in a footnote that runs the length 
of an entire page. See n33,H. Goblot, Les Qanats: Une Technique d'Acquesition De l'Eau. (Paris: 
Mouton., 1979), 74. 




al-Karaji, whose moniker indicates an origin from Karaj, a city situated in the foothills of the 
Elburz mountains, now a western suburb of Tehran.  
 Goblot, who himself could not read Arabic, based his reading of Karaji on the 1966 
Khadiv-Jam translation into Persian language, which he says he was able to read only with help 
from the director of the Iranian cultural center in Paris, M.A. Naderzad. Equally important, 
Goblot was alerted to the forthcoming French translation by Mazaheri (the 1973 French edition, 
translated here in Appendix B) while Goblot was writing his book, Les Qanats (1979), and was 
able to publish Mazaheri’s forthcoming table of contents of Karaji’s work, with permission.15 
Mazaheri had previously announced his translation project in 1965, in a brief notice in Les 
Archives Internationales d’Histoire des Sciences.16 
 International excitement for Karaji’s works seemed to find a new peak in the late 1960s 
and early 1970s, the time when Goblot and Mazaheri were working on their projects. Joan 
Vernet and A. Catalá published an impressive 1970 review, in the Spanish-language journal Al-
Andalus, of Karaji’s mathematical and hydrological works, including a synopsis of the 
transliteration problems of Karaji’s place-name surname (a geneaological category of name 
called nisba) as resolved by Italian researchers in Oxford in 1933. Vernet later published his 
encyclopedia entry on Karaji in the same volume as Lambton’s entry on “Kanat,” in the Second 
Edition of Brill’s Encyclopedia of Islam, Volume 4, 1978.17 
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16  Aly Mazahéri, "Le Traité d'Exploitation Des Eaux Souterraines d'Al Kardji," Archives Internationales 
d'Histoire Des Sciences 18, no. 73 (1965), 300. 
 
17 J. Vernet and A. Catalá, “Un Ingeniero Árabe Del Siglo XI: Al-Karayi,” (“An Arab Engineer from the 
11th Century: Al-Karaji”), Al-Andalus 35, no. 1 (1970), 69;  Juan Vernet, “Al-Karad ̲j ̲!, Ab" Bakr 
muḥammad b. Al-ḥasan (and also Al-Ḥusayn),” In The Encyclopaedia of Islam, edited by P. Bearman, 




 Also in the 1970s, Nadji and Voigt, hydrologists based in Shiraz and Cologne, 
respectively, published their brief article about the “oldest hydrology textbook,” cited above, in 
the journal Ground Water in 1972. The only other published notice in the academic community 
of water scientists appeared in 1980, written by an Iranian professor of Engineering, who was 
visiting as an exchange scholar in Akron, Ohio, and an American professor of Mathematics and 
Computer Science, who published a brief article together about the “Discovery of the 
Millennium Hydrological Works of Karaji” in the Water Resources Bulletin.18 This team of 
authors, Pazwash and Mavrigian, cited the 1966 Khadiv-Jam translation in Persian, and noted 
that Nadji, who had co-authored the Ground Water article in 1972, had also published a 
summary translation in German in 1972: “Tapping of Hidden Waters: A Geosciences Textbook 
from the 11th century.”19 The Iranian and American co-authors writing in 1980 did not mention 
the 1973 translated and edited French text by Mazaheri. 
 The late French Annales historian of mathematics, Charles Morazé, wrote in a preface to 
Mazaheri’s 1973 edition:  
 The reader, in approaching these pages, must prepare for a complete disorientation: 
That which defies hasty comparisons might [falsely] give the impression of being something 
familiar, or something already seen. The culture that is described here does not possess a 
book-knowledge, but a sort of intelligence that is clear of the customs of our country. 
 
 When, these days, one flies over the strange plateaux where towns and gardens are full 
of color and isolated in the middle of the grey desert, one sees those long lines, almost 
                                                                                                                                                       
Th Bianquis, C.E. Bosworth, E. van Donzel and W. P. Heinrichs. Second Edition ed. Brill Online: Brill, 
2011. Print Edition, Vol. 4. Leiden: E.J. Brill, 1978, 600. 
 
18  H. Pazwash and G. Mavrigian, "A Historical Jewelpiece--Discovery of the Millennium Hydrological 
Works of Karaji," Water Resources Bulletin 16, no. 6 (1980), 1094. 
 
19 Mehdi Nadji, “Karadji's ‘Erschliessung Verborgener Gewässer’: Ein Lehrbuch Der Geowissenschaften 
Aus Dem 11. Jahrhundert,” Zeitschrift Der Deutschen Geologischen Gesellschaft Vol. 123, (1972). 
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parallel, rarely crossing each other, cutting a gentle bias across the lines of the plane. In 
Europe, one would say that the raised walls above-ground separate, or sustain. But here, these 
are the witness to buried canals, upon which the homes of the people rely, to nourish and 
sustain them with the rains and snows of high and distant mountaintops.20 
 
Morazé’s warning to the reader is an important turning point in the interchange of Orientalism 
and theories of vernacular knowledge.  In a harbinger of geospatial imaging technology, Morazé 
takes a point of view, quite literally from the vantage point of the airplane window, to describe 
the inversion of French ideas about the value of land, and landscapes, the Iranian geographical 
context. The notion that French landscapes are “inverted” from Asian landscapes, of course, is a 
familiar trope of Orientalist ideas of self-definition , contrasting the Self of European 
intellectuals against the backdrop of Others. 
 The production of Wulff’s technical lexicon, The Traditional Crafts of Persia, his 
glossary-record of technical vocabulary, variations in dialect from one place to the next, and 
photographs of these craftsmen, shown with their dialect-inflected tools, is an important part of 
categorizing, institutionalizing, and recording knowledge before it has become like the firefly in 
a glass jar; it is a victim of its own culture of study; or it is studied because it is rare. These 
ephemeral contributions of photography to elapsed moments of technique are key to the visual 
appreciation and experience of Wulff’s compendium, which seeks to provide information, more 
than analyze. Significantly, Wulff thanks Joseph Needham, the renowned historian of Chinese 
science, for encouraging Wulff’s cataloging project, from the other side of World War II, when 
Wulff’s store of photographs went missing for fifteen years.21 
                                                
20 Preface by Morazé in Karaji and Mazahery, La Civilisation Des Eaux Cachés : Traité De l'Exploitation 
Des Eaux Souterraines Composée En 1017 A.D., ii English translation is mine. 
 
21 Wulff, Preface to Traditional Crafts of Persia, vi. 




 On the subject of visual perception, key to Karaji’s circumspect instructions on 
groundwater-prospecting, is it possible to overstate the visual impact of mechanical 
photography? Visual records of mid-20th century Persia have left us many remnants, of course. 
Cameras became widespread everywhere on Earth, especially in the hands of visitors, strangers, 
and travelers, and foreigners. Half a century later, these photos are precious, stylized, idealized, 
and full of information about the ephemeral fireflies of mid-20th century Iran.  
 The 1956 Qanat landscape presented in Appendix A to this dissertation is part of this 
visual inheritance. These are photos taken out of the belly of an airplane, pacing back and forth 
in three lines in the air above Nishapur, in Khorasan, in Northeastern Iran. The photos were 
purchased in 1966 in Tehran by Richard W. Bulliet, an American student of medieval religion in 
Iran. In 2007, when I was an American student not eligible for a research visa to Iran, in an 
international climate of suspended diplomatic relations, I was eager to learn about these carefully 
constructed landscapes of Iranian agriculture, but unable to walk on them with my own feet. 
 The 1956 aerial photo survey had enough detail and image density to magnify and 
delineate town and country landscapes of Nishapur, and I used the opportunity to digitize these 
images to spend all too many hours, in 2007, clicking, zooming, and “stretching” the digital 
image to match universal geographic coordinates. These universal coordinates are defined by 
modern cartography as applied to a contemporary satellite image, calculated by an orbiting 
spacecraft taking pictures of the Earth, and transmitting those images to high-resolution 
databases. Many of the satellite imagery databases used in the Google Earth software program 
are of good detail and high image density. By matching persistent physical features of the 
landscape from 2007 satellite imagery and 1956 photos, I “pinned” the landscape of Nishapur 
and its hinterland to the universal grid of coordinates. 




 With these “pinned” coordinates, the set of black and white 1956 analog airplane images, 
produced with all of the interfering bumps, air gusts, and overlap that could be imagined from 
such a flight, could be compared to each other. Through this process, slowly, I could “stitch 
together” a quilt of simulacrum. I could see a continuous space of three long paces over 
Nishapur, as seen from an airplane in 1956. Also, I could match the continuous space of that 
view from 1956 to any other image assigned to universal geographic coordinates, for example, a 
topographic map of the region.22 
 While I was pleased to have a dense visual image of landscapes, fields, and the endless, 
dotted air shafts of qanat landscapes in 1956, before qanat technologies had fallen entirely out of 
favor, I also wondered, as a historian, whether I could see the humans in that landscape. Of 
course, an airplane image from 1956 cannot help me see humans of the past.  However, like an 
archaeologist, or any other distant observer, it is impossible to imagine real people in such a 
space. Without touching the soil, it is difficult to fully imagine the work of people in the soil. 
 Viewed from the early 21st century, 1956 was a “firefly” – it was a moment, like any 
other ephemeral moment, of irreversible change. But it was also a moment, described in my 
Introduction, of establishing fields of study, Area Studies, that positioned expertise for whole 
regions – not towns or institutions, but Areas, such as the “Middle East.” My question, at this 
point in thinking about airplane-window landscapes, peasant-craftsmen portraits, and the peculiar 
directedness of archiving what may or may not be ‘indigenous,’ ‘authentic,’ or ‘traditional,’ is 
this: what, exactly, might an emphasis on expertise in a whole region create? What distortions of 
perception, stretched, buffeted, or blurred out, might have occurred?  
                                                
22 See topographic map superimpositions, Appendix A. 
I wish to acknowledge Mr. Jeremiah Trinidad, Columbia University’s Map Librarian and GIS Librarian, 
for his excellent suggestions and frequent assistance with my unusual data set in 2007. 




 In returning to Karaji’s ‘lost-recovered’ text, English-language treatment of Karaji’s 
Treatise on Extraction of Hidden Waters suffered from one serious misdirection. In 1951, F. 
Krenkow of Glasgow University in Scotland published a brief English summary translation of 
the text, based on the 1941 Hyderabad (Arabic) edition, in the Transactions of the Glasgow 
University Oriental Society.23 Krenkow, who could read Arabic, titled his article “The 
construction of Subterranean Water Supplies During the Abbaside Caliphate.” In this 1951 
English summary, however, Krenkow did not pursue the Arabic naming conventions thoroughly 
enough, to the point of failing to identify the author as the mathematician otherwise known as 
Karaji. In yet another twist in a long history of misinterpreting the author’s name, Krenkow’s 
English summary attributed the text to “Muhammad ibn al Hasan al-Hasib (the accountant),”24 
whom Krenkow further presumed was an unknown writer, instead of connecting the author to 
the more widely recognized name of al-Karaji, the mathematician. Perhaps most crucially, 
Krenkow’s perplexed reaction to Karaji’s personal claims of mathematical qualifications reveals 
the rift between the history of pure mathematics and the history of water management, circa 
1951. Krenkow calls the writer al-Hasib, presuming an Arabic indication of a lakab, or personal 
last name, instead of calling him by his toponymic surname of origin, or nisba, ‘al-Karaji’ or ‘al-
Karkhi.’  Krenkow, the Glasgow University professor, tries to account for this: 
 The author, Muhammad ibn al-Hasan al-Hasib (the accountant), is completely 
unknown to the biographers of scientists and we should hardly know his time had he not 
dedicated his work to a certain Abu Ghanim Mas‘ud ibn Muhammad. This Abu Ghanim was 
wazir to the sultan Manuchihr ibn Qabus ibn Washmgir, ruler of Tabaristan in Northern 
Persia, and is known to have acted as ambassador between this ruler and the sultan Mahmud 
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of Ghazna.  This fixes the date of his work some time round the year 400 of the Hijra (1000 
C). 
 
 The author tells us in the introduction that, when he came to the ‘Iraq, he had written a 
number of large and small works on mathematics and engineering, which had been 
appreciated. However, when he returned to the Mountain Country (Central Persia) he did not 
find the same recognition among its people and he let himself drift till he came under the 
notice of the generous wazir and it was for him that he wrote this work, and he hoped that it 
would be of general benefit.25 
 
Krenkow’s recounting, although confused about Karaji’s real identity, provides a piece of 
biographical detail from the 1941 Arabic text: indeed, Karaji was active in Baghdad until 1015 
CE, when Karaji’s scholarly patron in Baghdad, the Grand Vizier Abu Taleb, was murdered in a 
fall from political power. Karaji chose this time to return to Iran, where he wrote the Treatise. 
 In the introduction to his 1973 French translation, Aly Mazaheri reflects on the role of 
Persian water engineers at the time of Karaji. Instead of calling these engineers ‘hydrologists,’ 
Mazaheri prefers to use a term of his own, ‘hydronomers’: 
 Hydronomy [sic] is a punishing art. To practice it, it was not enough to possess 
mathematical knowledge: decadal calculations, algebra, trigonometry, etc., but also required 
spending long hours in tunnels at risk of death by flood, mudslide, or suffocation. It required 
possessing the ancestral instinct of ‘divination.’ 
 
 The Arabs, properly said, never became good hydronomers, even when they measured 
themselves by the study of applied mathematics; before all of their letters and ‘philosophers,’ 
they they did not want to muck around in the dust and mud. The field stayed open to the 
Iranians alone.26  
 
Mazaheri continues his commentary, emphasizing the role that Persian water engineers played in 
the early history of Islam, indeed in the global history of science:  
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 …We are sure to have rescued from oblivion the considerable role played by those who 
built, over the course of centuries, the civilization which at present has spread to include a 
fifth of the planet, and benefits hundreds of millions of human beings. Working under the 
earth like veritable moles, these generations of hydronomers [sic] have not left their mark in 
the literature nor the history of science, yet their works, the ones that remain, are still here, 
and bear witness to their slow, wise, millennial activities. The treaty you are about to read is 
unique testimony to their ideas and thoughts.27 
 
Mazaheri believes the significance of Karaji’s treatise should expand the long-term contributions 
of Persian water knowledge, which he regards as typically unwritten and unacknowledged, into 
the more formal sphere of Arabic and/or Islamic history of science. Karaji’s trans-cultural role as 
an emissary of both Arabic science and Persian water knowledge is not lost on Mazaheri, even 
though this is exactly the bridge that eluded Krenkow, in his 1951 Glasgow publication. 
 Mazaheri’s critical, mathematically corrected and annotated translation into French, 
published in 1973, was, for unknown reasons,  not widely acknowledged by English-reading 
audiences – perhaps because the 1966 Persian translation had pre-empted Mazaheri’s painstaking 
critical edition, and the 1966 Persian edition, published with support from the Iranian cultural 
foundation under the government of the Shah, under the imprint Ilm dar Iran, or “Learning in 
Iran,” became the standardized, Persian-language reference for this history of Persian 
hydrology.28 
 In 1978, an entry on the subject of “Kanat” written by Ann K.S. Lambton, the British 
historian of medieval Persia, was published in Volume 4 of Brill’s monumental Encyclopaedia of 
Islam. In this standard reference work, Lambton identifies and resolves Krenkow’s confusion, 
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and confirms that Krenkow’s author is indeed the same Karaji, credited especially to Lambton’s 
reading of Khadiv-Jam’s 1966 Persian translation.29  
 Much of Lambton’s encyclopedia entry on “Kanat” was reproduced in her 1989 book 
chapter, “The origin, diffusion and functioning of the qanat,” the first chapter in Beaumont et al., 
Qanat, Kariz, and Khattara: Traditional Water Systems in the Middle East and North Africa.30 
And so finally, as of 1978, this particular chain of English-language misunderstandings with 
regard to Karaji’s identity had been resolved for the English-reading audience.  
 All excerpts of the text presented here [See Appendix for a full English translation] are 
my own translation, from Aly Mazaheri’s 1973 French text (Nice Edition). In turn, Mazaheri 
translated into French from the 1941 printed Arabic text (Hyderabad edition).31 Since that 1941 
Arabic printing, there has been a subsequent revised Arabic edition (Cairo, 1997), and at least 
one translation from Arabic into Persian, by Khadiv-Jam, published in Tehran in 1966 (Khadiv-
Jam called the text Kitab Istekhraj Abha-ye Penhani, also “Treatise on the Extraction of Hidden 
Waters”).32  
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 A full edited English edition does not yet exist. The text that I present in the Appendix 
here is, I hope, a first step towards an edited English translation of Karaji’s work on “Hidden 
Waters,” taking into account the substantial mathematical and historical investigations of the 
French edition and commentary (1973). A definitive English translation of this text would need 
to consult at least one Arabic manuscript, original or in digital from the Hyderabad archives; the 
revised Arabic edition of 1997, published in Cairo and edited by Abd al-Munim; the Spanish 
commentary by Vernet and Catalá from 1970, and the French commentary of Mazaheri’s text.33 
 
Levelers, Improvers, and Others 
 Karaji writes about groundwater not only as reporter, and teacher, but also as an 
improver.  He reports on what he observed among expert well-diggers of the tunnel-shaped 
qanat, who are called the muqanni; about some ways of solving water rights disputes among 
neighbors according to Islamic law and local custom [Sections 14-16]; and he suggests some 
improvements on the traditional tools of the muqanni’s trade, using his mathematical insights 
and algebraic proofs as a kind of clever added-value to his reporting on the engineering wonders 
of the Iranian highlands.  
 The trade of landscape levelers, aqueduct builders, and masons must rely on precision, 
every bit as much as civil or aeronautical engineers: the longevity and health of the 
infrastructural investment, not to mention human settlements depending on that infrastructure, 
requires well-measured and well-considered construction. Thus, Karaji uses the usual tool-set of 
a master-mason and and aqueduct leveler: alidade and leveling-frame, surveying-stick, compass 
and ruler, plumb-line and chalk. These surveyor’s and leveler’s tools come with instructions for 
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the surveyor’s assistant to carry and walk such a distance away, and mark the measurement on 
his calibrated scope, over and over again, in repetition and detail, for every task of surveying and 
leveling.34 
 Moreover, as an expert in trigonometry, Karaji sees hypotenuse-slopes for the problem of 
mountain-slopes: he uses his mathematical intuition –providing triangle-based trigonometric 
proofs for his calculations – to claim invention of new and improved leveling tools, complete 
with instructions on how to construct all of these tools, using available materials. Occasionally, 
Karaji gives tool-building instructions that rely on helper-specialists, such as coppersmiths, 
potters, or wire-drawers, for example: ‘go to the wire-drawer for a length of straight and narrow 
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brass or iron wire, so that you can cut it into 60 equal sections, solder these together to form 
equal links of a long chain.’ [paraphrase of my English translation, Section 23] 
 Though he occasionally refers to “previous writers” or “recommendations of the 
Ancients,” Karaji is seldom explicit about whether he is quoting from an earlier written source of 
advice, or whether he has been walking, observing, interviewing expert muqanni for an 
undetermined amount of time. His combination of anecdotes, observed and second-hand; 
specialized reportage of a qanat digger’s highly particular, and repetitive, and procedural advice 
and warnings; and improved trigonometric formulas for building surveying equipment give a 
blend of practical methods and conceptual modalities to his sophisticated text. Why, then, write 
such a text in such a sophisticated and formalized way?  
 While a qanat tunnel digger might be respected for his lifetime of experience and 
geological intuition, and indeed Karaji refers to this type of accumulated expertise, a qanat 
digger would not have written it down in this way. For some reason, Karaji considered it worth 
writing about, giving it his own form: his theoretical algebra proofs could shine in the context of 
a useful, life-giving, and deeply Iranian geographic tradition. As he claims, “there is not a more 
handsome subject, nor is there an art that is more useful, more profitable, than the exploitation of 
groundwater. This is what renders possible the cultivation of the land, and the life of its 
inhabitants.”35 
 In this treatise of theoretical and practical scope, Karaji starts big, and explains the role of 
mountains, rivers, groundwater, oceans, and sediments; he explains why water wants to flow 
downward, because it wants to reach the Center of the Earth (the Aristotelian conception of 
geography, but not a universal theory of gravity, which we would call Newton’s theory); and 
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above all, he reports on a multitude of tests for the presence of groundwater in rock: good or bad, 
plentiful or scarce, toxic or sweet.   
 To explain the geological origins of water in rock, Karaji draws on metaphors of the 
animal body, just as blood flows through tissue, through its porous connections and veins: 
God Most-Exalted created, let us say, water within the depths of the earth, where it resides at 
its resting-place, just as blood resides in the animal body. Let us say that the rains do not 
increase at all, and the dryness is not relieved at all by this mass of water here, which, 
according to the belief of the Ancients, stems from the metamorphosis of subterranean air. 
This primordial water fills up all the pores of the sub-soil and it joins them, one to the other, 
insofar as the obstacles or the barriers do not impede it at any stage. And this water flows the 
length of the veins of the sub-soil, from the points distanced from the Center towards the 
points which are less distant, and, like all water which sometimes flows and sometimes 
stagnates at the surface of the ground, this water in the sub-soil also sometimes flows in 
subterranean water courses, and sometimes stagnates and forms immense subterranean layers. 
The major part of these immobile layers stagnates in the sub-soil of the flat steppes and in 
those of the immense plains bordered by arid plateaux or mountains. These waters come 
from the melting snows piled up in the high valleys, while the sun finds itself at their 
zenith, they flow into the sub-soil, toward these layers. Underneath this type of steppe 
[bordered by snowy mountains] there is consequently more water, anyway, these mountains 
are the [natural] reservoirs of water for the adjacent plains, inasmuch as the subterranean 
barriers do not impede the flow of water.   36 
 
In this passage, Karaji explains several important concepts of groundwater supply, particularly 
the hydrological cycle for groundwater supply in highland Iran: 1) it relies on snow that falls on 
top of the mountains 2) when the snow melts in the spring, water flows downwards, percolating 
through the porous and connected “tissue” of rocks 3) the melted snow-water will flow 
downwards until it reaches a natural barrier, in which case the flow might stagnate within the 
rock, or “pile up,” or find itself under pressure in “immense subterranean layers,” and you might 
see some of it, at a point of saturation, near the surface of the ground, on the flattened steppe. 
Soaring above all this, these snowy mountains are crucial for the water supplies buried in the 
piedmont lands of Iran, in the shadow of snowy peaks. From the above passage, it is entirely 
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clear that Karaji understands this relationship: however dry it might be on the surface of the 
steppe, mountain snow is particular to Iran’s dependence on groundwater, and it is doubtful 
Karaji would recommend drilling a qanat without being rather certain a snow-fed aquifer. 
 The great variety within geological strata, topography, minerals, and porous and 
impermeable rocks is obvious to Karaji. He did not propose major theoretical claims about 
geological change, as in the growth of theoretical geology in the 18th-20th centuries, about 
tectonic drift or paleoclimatic shifts. Even without a specific geological theory of change, Karaji 
is perfectly clear that terrain of subsoil is infinitely, richly, and [seemingly] randomly varied in 
its configurations and layerings. Karaji ascribes these dense geological orderings to the wisdom 
of God, because they contribute to the sinuous connections of water through rock, again invoking 
the internal anatomy of animal tissue and fluid: 
God formed the sub-soil [entangled throughout] out of barriers, some of rock, others of clay 
and others of hardened earth, some standing up perfectly straight, others flat, parallel to the 
horizon, others [more or less] at an incline cutting across the surface of the soil. These barriers 
and obstacles of the sub-soil bring to mind the tendons, nerves and veins that [go all 
throughout] in the body of an animal.37  
   
 At the heart of Karaji’s how-to manual is a keen observational eye: a firm grasp of the 
importance of geology, topography, precipitation, and the variations of these for the hydrological 
cycle of groundwater, combined with his mental consideration over the fundamentally slope-
based problems of a qanat-digger’s profession.  
 At the end of the endless process of tunneling, checking, measuring, constructing tools, 
setting them up, placing them in the field, going back and confirming precision, all of these 
endless instructions: for the long tunnel of a successful qanat, he explains near the end of his 
                                                
37 Karaji, Section 2, Treatise. 
 




Treatise, is a tunnel slope that is very slight, for a qanat to function according to instructions: a 
slope of approximately one cubit per farsang [approximately 1 meter per 12 kilometers; or 
approximately 1 foot per 2.27 miles].38  And, just as Wulff reported in the self-contradictory and 
self-congratulatory exhortations of Reza Shah Pahlavi at the Shiraz technical college in 1937, a 
pervasive technical culture of creating landscapes riddled with aqueducts of precise slope of 1 
foot per 2.27 miles is rather extraordinary, impressive, and also bewildering, in the face of calls 
of more education for more ‘development.’ 
                                                
38 Karaji, Section 26, Appendix B. 
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Expertise from Afar: The Modernizing Ideals of the Development & Resources 
Corporation in Southwestern Iran, 1956-1973 
 
 
Modernizers at Mid-Century: Truman, Clapp, Lilienthal, and Exporting the TVA to Iran 
 
 Mid-century ideals of international expertise for water management created a new 
vocabulary of best practices to “develop” poorer regions of the world by introducing better 
technology, fairer systems, and more reliable energy to the people who need it most. I do not 
contest the rights, needs, and desires of people who are, without a doubt, in need.  Instead, in this 
Epilogue, I argue the language, validation, and self-conception of these consultants, bearing 
expertise from post-World War II America to distant regions, are a product of their own mid-
20th-century moment. The brand of knowledge they bear has become synonomous with 21st-
century notions of expertise for development. 
 That historical moment became, almost invisibly, part of our contemporary language of 
consultancy; international charity and good works; development; and the application of foreign 
expertise and goodwill. These professional categories now exist on their own, and have taken on 
a life of their own. The moral dilemma of a globalized and drastically unequal world poses 
serious ethical quandaries. The self-conception and professed mission of “development” is to 
provide a service that brings some of the modern miracles of affluent regions to places and 
people who live in poverty that is unacceptable to modern, affluent conceptions of self and life. 
In this formulation, poverty is an anachronism. The moral dimension of international 
modernization projects has become inseparable from our contemporary calculus of global 
inequality. 
 The international modernization project is one symptom of a moral dilemma. Donated 
expertise assuages moral problems that nag at sympathetic observers, or travelers, in a globalized 
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world. Perhaps less visibly, in our modern landscape, but significantly, I argue this type of 
international project persists in valuing a particular type of knowledge. 
 For mid-century managers in charge of the Development & Resources Corporation 
(DRC), an international consulting business headquartered in the financial district on Bowling 
Green in Lower Manhattan, the value of modern, and modernizing, knowledge was self-evident.  
In the view of the U.S. Government and two successful technocrats who led the DRC (a private 
enterprise) after their retirement from government service, America’s global economic 
hegemony in the 1950s was attributed to high levels of economic development, and high 
standards of living. This American success was considered a result of coinciding virtues of 
superior technical knowledge, scientific progress, and economic productivity. This was in stark 
contrast with parts of the world that were increasingly referred to as “underdeveloped,” or more 
simply, agrarian and poor. 
 David E. Lilienthal and Gordon R. Clapp, the founding managers of the Development & 
Resources Corporation, were also, respectively, the first two directors of the Tennessee Valley 
Authority (TVA) since its creation by an act of the U.S. Congress in 1933. The TVA was a 
Depression-era showcase for multi-purpose dam-building and energy generation for the 
“underdeveloped” Southeastern U.S. as part of the New Deal. Both Lilienthal and Clapp 
maintained national reputations as public figures during the Roosevelt and Truman 
Administrations. Both men delivered lectures, and published popular books, about their 
administration of the TVA, emphasizing its role as a national resource for development and 
electrification.1 
                                                           
1  David Eli Lilienthal, TVA; Democracy on the March (New York, London: Harper & brothers, 1944). 
Gordon R. Clapp, The TVA; an Approach to the Development of a Region (Chicago: University of 
Chicago Press, 1955). 
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 In 1946, when President Truman appointed Lilienthal to lead the Atomic Energy 
Commission, the President named Clapp, who had worked under Lilienthal at the TVA since its 
inception, to succeed him as Chairman. A November 1946 Washington Post editorial supporting 
Clapp’s appointment praised the TVA program, calling it a “laboratory of good government,” 
and lauded Clapp as an effective manager, although less of a high-profile figure than Lilienthal 
himself. The Post continued: “attacks on Mr. Lilienthal became as useless and inexpedient as 
attacks on the founding fathers because of his reputation. It may not be so with [Clapp] who is 
little known beyond the [Tennessee] Valley, but well known to the enemies of the TVA as an 
uncompromising apostle of the Lilienthal brand of public service, and his chief’s chosen 
successor as well.”2 With this acknowledgment of the Lilienthal “brand” name, the newspaper 
also acknowledged the figure of the toiling technocrat, who may be acknowledged within his 
own bailiwick, if not yet universally acknowledged as a “brand.” 
 Historian Sarah T. Phillips traces the environmental and political history of the TVA 
project, which transformed the 650-mile Tennessee River watershed – the largest water 
catchment area in the Eastern United States – into a juggernaut for rural electrification. 
Particularly at Lilienthal’s urging, the TVA became a self-appointed showcase for improving 
living standards through electricity for the downtrodden, and ecologically misguided, 
underdeveloped South of the Depression-era United States.3   
 The American movie director and New York Actors Studio founder, Elia Kazan, directed 
his 1960 feature film Wild River, starring Montgomery Clift as a 1930s TVA agent determined to 
convince the family of co-star Lee Remick to move from their ancestral home. The well-
                                                           
2  Editorial, "Clapp of TVA," The Washington Post, Nov 2, 1946. 
 
3  Sarah T. Phillips, This Land, this Nation : Conservation, Rural America, and the New Deal (New York, 
NY: Cambridge University Press, 2007), 88.  
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intentioned agent’s efforts to modernize and relocate the Tennessee family before the reservoir is 
released and floods their home dramatizes this clash of cultures for the sake of universal 
betterment and banishing backwardness.  In the very last frames of the film, Clift and Remick 
climb into a small propeller aircraft and glide over the flooded landscape, leaving it behind while 
marvelling at the concrete curvature of the monumental dam. Grandma, just above the water line 
in her family hilltop cemetery, has not been subsumed by the flood – but she is already gone.4 
 The Lilienthal “brand” became directed into a kind of technical universalism. As 
Tennessee became an international destination for foreign visitors, Phillips recounts how 
“Mature federal resource agencies, born of Depression constituencies and war production 
schedules, now faced the world with the personnel, the experience, and the attitude to change it. 
Americans were neither special nor superior, these universalists insisted; they were simply first 
to discover the appropriate technology and forms of government organization.”5 Phillips 
continues, quoting from Lilienthal’s 1944 book TVA: Democracy on the March: “‘Our foreign 
visitors see that the Tennessee Valley Authority speaks in a tongue that is universal. No English 
interpreter is needed when a Chinese or Peruvian sees this series of working dams, or electricity 
flowing into a single farmhouse… For it is not really Norris Dam on a Tennessee stream or a 
farm in Georgia that he sees, but a river, a valley, a farm in China or Peru. The changes that are 
taking place here are much the same as those that men all over the world are seeking. The 
                                                           
4 Wild River, Elia Kazan, dir. Feature film (Beverly Hills, CA: Twentieth Century-Fox Home 
Entertainment, originally released 1960; re-issued 2010).  The 2000 feature film O Brother, Where Art 
Thou? directed by Hollywood’s Coen Brothers, starring George Clooney, takes a more humorous view of 
human fallibility and the same dramatic story of TVA flood and redemption, while weaving the narrative 
into a re-telling of Homer’s Odyssey effectively mixed with Carter Family music of Depression-era 
Appalachia. 
 
5  ibid., 244-5 
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technical problems, too, at bottom are essentially similar…’”6 Lilienthal was convinced of the 
universal concerns of farmers and planners; this belief in the universalism of technical 
knowledge was soon extended on an international scale. From the Southeastern United States, 
Lilienthal turned his attention to what would now be called the “Global South.” 
 After the Second World War, the European Recovery Program (ERP) or “Marshall Plan” 
was introduced by U.S. Secretary of State George Marshall in June 1947. By tying conditional 
and cooperative behavior in the desperate circumstances of post-war Europe to the purse strings 
of foreign aid (though constituting only 2.5% of the European economy at the time), the ERP 
encouraged intra-European behavioral compromises necessary for economic growth and 
recovery, and standards of living in Western Europe recovered to pre-war levels, and better, after 
the Plan’s introduction in 1948.7  While this economic success had the good fortune of re-
building on the basis of pre-existing labor supplies and industrial infrastructures in Western 
Europe, the administration of President Harry S. Truman took the lesson that the U.S. could lead 
a group of Western-bloc allies to improve economic development elsewhere in the world.8 
 On the occasion of his inaugural presidential address in January 1949, Truman re-iterated 
U.S. support for the ERP, emphasizing its alignment against Soviet-style Communism. Truman 
announced the impending North Atlantic Treaty Organization (NATO) as a third point in his 
speech; and then he introduced what became known as “Point Four,” or the “bold new program,” 
                                                           
6  Lilienthal, TVA; Democracy on the March, 248, quoted in Phillips, This Land, this Nation : 
Conservation, Rural America, and the New Deal, 245. 
 
7  J. B. DeLong and Barry Eichengreen, The Marshall Plan: History's most Successful Structural 
Adjustment Program (CEPR Discussion Papers: 634, 1992). 
 
8 Historian David Ekbladh argues the American impulse for modernization, reconstruction, and 
development is considerably older than the post-World War Two moment. See David Ekbladh, The Great 
American Mission : Modernization and the Construction of an American World Order. Princeton: 
Princeton University Press, 2010. 
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or a “fair deal for the world.” It is worth re-visiting the text of Point Four, in which Truman 
argued for an international program of technical assistance based on superior U.S. technical 
knowledge:  
More than half the people of the world are living in conditions approaching misery. Their 
food is inadequate. They are victims of disease. Their economic life is primitive and stagnant. 
Their poverty is a handicap and a threat both to them and to more prosperous areas. 
 
For the first time in history humanity possesses the knowledge and the skill to relieve the 
suffering of these people. 
 
The United States is preeminent among nations in the development of industrial and scientific 
techniques. The material resources which we can afford to use for the assistance of other 
peoples are limited. But our imponderable resources in technical knowledge are constantly 
growing and are inexhaustible. 
 
I believe that we should make available to peace-loving peoples the benefits of our store of 
technical knowledge in order to help them realize their aspirations for a better life. And, in 
cooperation with other nations, we should foster capital investment in areas needing 
development.  
 
Our aim should be to help the free peoples of the world, through their own efforts, to produce 
more food, more clothing, more materials for housing, and more mechanical power to lighten 
their burdens. 
… 
Greater production is the key to prosperity and peace. And the key to greater production is a 
wider and more vigorous application of modern scientific and technical knowledge. Only by 
helping the least fortunate of its members to help themselves can the human family achieve 
the decent, satisfying life that is the right of all people.9 [Emphasis added] 
 
One foreign correspondent present at the inauguration in Washington, Alistair Cooke of the UK, 
wrote in the Manchester Guardian that this “unorthodox” fourth section of Truman’s speech 
“left his serious hearers breathless” and eager to hear more.10 
                                                           
9 “Point Four” of Truman’s Inaugural Address, in Harry S. Truman, "Harry S. Truman Inaugural Address 
January 20, 1949," in Inaugural Addresses of the Presidents of the United States from George 
Washington, 1789 to Harry S. Truman, 1949, House document ; 82d Congress, 2d session, no. 540; 
LLMC-digital (Series) ed. (Washington: U.S. G.P.O, 1952), 
http://www.llmcdigital.org/default.aspx?redir=95236 .  
 
10  Alistair Cooke, "World-Wide Fair Deal," The Manchester Guardian, Jan 21, 1949. 
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 Truman’s contrast of “imperialism for profit” versus “development for democracy” is 
striking, in the context of a struggle for global hegemony through superior science that would 
later be recognized as an agenda of the Cold War. The day after the inauguration, a New York 
Times editorial pondered what, exactly, might be the scope of “American Know-How” in the rest 
of the world, casting American technical abilities within a political litmus test: “while the 
President is on firm ground when he calls for bigger exports of technological ‘know-how,’ his 
suggestion is subject to certain qualifications. It may be ventured, for example, that transplanting 
such skills is not likely to be of lasting benefit in the absence of a continuing favoring climate. 
These skills would soon go to dry rot in a country where state intervention in industry is the 
dominant pattern.”11 
 Beyond the economic recovery in Western Europe, according to the logic of Truman’s 
speech, from the vantage point of 1949, the U.S. was in a position of political, economic and 
scientific superiority, and ready to diffuse ‘best practices’ to the rest of the world, provided that 
“the rest” was going to behave cooperatively, as the European Coal and Steel Community 
(ECSC) had enabled Western Europe to do, with the behavioral encouragements of the ERP. 
This technical confidence on the part of the U.S. administration about the best practices to 
replicate economic growth in a foreign country was something new. 12 
 In 1949, the lessons of the Great Depression in the United States seemed to offer a 
blueprint for everyone else who might be suffering: why not offer a ‘New Deal’ based on 
American expertise, delivered direct from Nebraska to India? In short order, the program of 
                                                           
11  “American ‘Know-how’,” New York Times, Jan 22, 1949. 
 
12 Nelson and Wright examine the relationship between post-war American economic productivity and the 
post-war American university investment in basic scientific research. Richard R. Nelson and Gavin 
Wright, "The Rise and Fall of American Technological Leadership: The Postwar Era in Historical 
Perspective," Journal of Economic Literature 30, no. 4 (Dec., 1992). 
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international technical assistance had become a State Department enterprise, with the 
Department subsidiary, the Technical Cooperation Administration (TCA), explaining in an 1953 
informational pamphlet, Point 4: What it is… How it Works… : 
In a village in India a former county agent from Nebraska helps Indian agricultural students 
and villagers repair a well, dig a compost pit, build a road to the highway. 
In Liberia a group of children lines up to be vaccinated against smallpox. A nurse-instructor 
from South Carolina watches carefully and gives occasional suggestions to the Liberian girls 
administering the vaccine. 
High in the Andes of Peru, an educator from Rhode Island demonstrates modern methods to 
Peruvian teachers. 
Within the United States – in agricultural colleges, hospitals, vocational schools, industrial 
plants, offices, universities – technicians from many lands are learning new skills and modern 
methods.  
All of these people represent Point Four. They are Point Four in action.13 
 
Beyond informational, this pamphlet introduces fantastical, and possibly ahistorical, tableaux of 
apprenticeship, and begs more questions than it answers: did farmers never irrigate, nor compost, 
before Point Four came to India? Did teachers never teach, nor students learn, in Peru? Why are 
Nebraskans more informed than Indians about local groundwater conditions for their wells? 
What did these villagers think about all of this? What did the Liberian children understand about 
their part in global smallpox eradication as they lined up to receive immunizations, which was, 
without a doubt, a new and important addition to life in the twentieth century? 
 And yet, half a century after these ahistorical aspects of Point Four’s “action” scenarios, 
childhood infectious diseases, limited educational opportunities, and food distribution crises 
continue to present rates of mortality in poor agrarian countries that are morally unacceptable to 
Rhode Islanders and Peruvians.  
                                                           
13  United States. Dept. of State. Division of Publications, Point 4 : What it is, how it Works, Vol. 39 
(Washington, D.C.: Division of Publications, Office of Public Affairs, Dept. of State, U.S. G.P.O., 1953), 
1. 
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 Anthropologist James Ferguson asked in his 1990 book The Anti-Politics Machine 
whether the problem might be the conceptual rubric of “development,” which denies the active 
role of local humans, who are defined by the logic of “development” as the object or receiver of 
actions originating from elsewhere. Ferguson argues these definitions create an ordering of 
human knowledge with tangible repercussions, because of the directionality and prioritization of 
perceived technical superiority, and in fact constitutes a political program, by virtue of that 
conceptual valuation.14 So, how to interpret the bearers of technical expertise, those former TVA 
managers, who were invited to build their TVA replica in Khuzestan, 1956? 
 
Part II. Point Four and the ‘logic of modernity’ in Iran. 
 
 Explanations for the political phenomenon of foreign technical assistance programs are 
not in scarce supply. Timothy Mitchell begins his 2002 Rule of Experts with this succinct but 
powerful explanation: “We have entered the twenty-first century still divided by a way of 
thinking inherited from the nineteenth.”15 He traces the ‘logic of modernity’ as the epistemic 
result of Euro-centric narratives of history and economic imperialism. This logic has emphasized 
the need to control the levers of technological power, and all but blinded us moderns to the very 
constructedness of the way we presume ‘society’ and ‘economy’ to be organized, as enumerated 
by invisible ‘laws’ about human social relations. Meanwhile, even if some of us post-moderns 
have grasped the epistemic turn, contemporary economic and social programs follow the agenda 
of the modern. The (post-)post-modern project that Rule of Experts engages us in is to consider 
whether we need to continue organizing the twenty-first century according to these perceived 
                                                           
14  James Ferguson, The Anti-Politics Machine : "Development," Depoliticization, and Bureaucratic 
Power in Lesotho (Minneapolis: University of Minnesota Press, 1994; 1990), 284. 
 
15  Timothy Mitchell, Rule of Experts: Egypt, Techno-Politics, Modernity (Berkeley: University of 
California Press, 2002), 1. 
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structures. Mitchell chronicles the webs of local and global changes in Egypt culminating in a 
nation-building project and drive for “development” within Egypt that includes the Aswan High 
Dam, completed in 1971, and inspired by none other than the “TVA, the child of earlier technical 
and political failures, [which] came to epitomize the new possibilities of development and 
planning, especially in arid regions such as the Middle East. Large dams offered a way to build 
not just irrigation and power systems, but nation-states themselves.”16 
 The modern logic of “underdevelopment” or “backwardness” becomes indigenous in those 
very regions that are targeted by the Point Four pamphlet, as Iranian farmers “learn” that 
(usually valuable) poultry are, in the logic of Point Four, “inferior chickens”:  
The United States gives Point Four cooperation only at the request of a[nother] government... 
These understandings are fully described in the ‘project agreements.’ 
 
Before the United States agrees to a specific project, a careful check is made to see that the 
same job is not already being done by somebody else – an agency of the United Nations or a 
private group such as the Ford Foundation or the Rockefeller Foundation. Duplication is 
avoided. 
 
Once the United States and another country have decided on the work to be done, TCA 
[Technical Cooperation Administration] recruits the best technicians to be found for the job… 
 
American technicians do not tell other nationals what programs they should have or what they 
must do. They study the problems of other countries and try to put their knowledge at the 
disposal of people who adapt it to their own needs and customs. 
 
Nobody can set a deadline for finishing jobs like crop improvement, malaria control, rubber 
production, or sanitation. But every Point Four technician is trying to work himself out of a 
job by training other people to take over… 
 
Point Four is a program of cooperation – of people working together. Scientific knowledge 
and skill cannot be given away. They must be shared… 
 
The principle of cooperation prevails in dealings with the people themselves. When farmers 
are taught modern ways of planting and provided with improved wheat seed, as in Iran, they 
are expected to share their improved seed from the next harvest with a neighbor who has 
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received none. In Liberia and Iran farmers pay for better breeds of poultry by giving up their 
own inferior chickens. 
 
The billion human souls who live in the underdeveloped areas are now beginning to awaken 
to the potentialities of life in the twentieth century. Many of them have gained national 
independence. They are learning that hunger, disease, and ignorance need not be their 
everlasting heritage.17 
 
Aside from the modernizing realization of “inferior chickens,” this Point Four pamphlet points 
out another set of explanations for the political phenomenon of technical assistance programs, 
namely, the host regime’s technocratic invitation to foreign experts. Whether this nationally-
arranged invitation lines up with the desires of local chicken farmers is rarely included in official 
communications. As anthropologist Arturo Escobar points out in his 1995 Encountering 
Development, “Becoming a new client of the development apparatus… brings more with it than 
is bargained for: it affirms and contributes to the spread of the dominant economic worldview.”18 
 In James Scott’s 1998 meditation on development failures, Seeing Like a State, he contrasts 
the technocracy of “high modernist agriculture” imposed upon local systems of agricultural 
knowledge and polyculture, which Scott calls metis, invoking Homeric Greek’s practical skill set 
informed by local traditions across the culmination of lifetimes, or generations, of trial and error. 
Scott critiques Eurocentric modes of knowledge that do not take into account the existant local 
instances of best practice for those very same problems of “underdevelopment” such as poverty, 
seasonal hunger, or crop failure. Scott suggests that the best ways to maintain ecosystems and 
                                                           
17  United States. Dept. of State. Division of Publications, Point 4 : What it is, how it Works, 12. Emphasis 
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livelihoods might be to employ more of this metis and less of superimposed techniques from 
above and abroad. 19 
 Similarly, sociologist Richard Sennett explores in The Craftsman whether systems of valuing 
disembodied, expert, scientific knowledge have alienated the technical apprenticeships, and 
profound civic role, of learning-by-doing, which allows for a more creative, flexible, and 
localized responses to social and technical problems.20 Chandra Mukerji, in her 2009 Impossible 
Engineering,  re-creates the conditions of technique and power politics in the construction of the 
17th-century Canal du Midi across the continental divide of the French Pyrenees. Mukerji 
concludes the intractable geo-engineering problems were only solved with a model of 
“distributed cognition” – a group-based and informal process drawing on the type of artisan-
based, non-formalized, expertise embodied through lived practices in particular social and 
environmental contexts: she argues the “complex region” of Languedoc “gave rise to multiple 
logics of social life.”  In turn, “Social life is always dependent on the material possibilities of 
places and give rise to forms of intellect that make sense there. The intelligence about land and 
its uses was both deep and broad, providing rich cultural resources for engineering a canal 
there.”21 [Emphasis added] 
 Perhaps, then, those local breeds of chicken were bred by Iranian farmers, for a reason that 
“made sense” and value suited to farm life in Iran? And yet, why did the Iranian farmers of the 
1950s accept the newer breeds of chicken from foreign development agents? Their voices and 
rationales are not recorded by Point Four. All that is offered in the pamphlet is that “knowledge 
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is shared.” The experience and technical expertise for the domestication of chicken breeds by 
Iranian farmers, who would have the opportunity to select and adjust breeds according to 
desirability and appropriateness for local conditions, might have some space for technical 
dialogue in the constructed world of Point Four, but the voices of farmers are recipient voices 
‘in need of development,’ not active voices of technical know-how on their own farms. Why, 
indeed, did the New York Times editorial about ‘American Know-How’ not further consider the 
prospect of inviting Iranian and Liberian ‘Know-How’ into the chicken coops of America? 
 The same Point Four brochure from 1953 presents an early chronology of the international 
activities of the Technical Cooperation Administration’s activities in Iran, starting in October 
1950, and also reports the fatal air crash in Iran in December 1951 for the American TCA 
director Bennett, his wife, and his staff:  
1949  Jan. 20 Technical-assistance program first announced as Point Four of President’s 
Inaugural Address... 
1950  Oct. 19 First Point Four agreement signed with Iran covering Village Improvement 
Project … 
Dec. 1  Henry Garland Bennett becomes Administrator of the Technical Cooperation 
Administration 
1951 …Dec. 22 Dr. Bennett with his wife and three members of the TCA staff killed in an 
airplane crash near Tehran 
1952…May 1 Stanley Andrews becomes Administrator of the Technical Cooperation 
Administration…22 
 
From this brief official chronology, it appears that American technical assistance to rural Iran 
was on the very forefront of the wave of Post-World War II foreign expertise-sharing, 
contemporaneous with the Marshall Plan.  
 What was particular about Iran to the foreign bringers of expertise? Of course, Iran’s 
strategic oil reserves, and its shared border with the Soviet Union, humming along with its own 
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program of planning and modernization, was never far from the observations of Cold War 
American observers.23 The premiership and subsequent coup of Dr. Mohammad Mossadeq in 
Iran, 1951-53, and the expulsion of colonial-era British oil company ties and personnel in 1951-
52, would persist as two indelible examples of Anglo-American involvement with Iran at mid-
century.24 Aside from these particular political legacies of the Anglo-Iranian Oil Company 
(AIOC), Kaveh Ehsani argues Iranian oil towns on the Persian Gulf in the first half of the 20th 
century were powerful urban laboratories for modernity, and for urbanization itself, in the 
Iranian context. Managerial hierarchies and new types of technical and social engineering took 
root, Ehsani argues, by an early 20th-century implementation of trans-national business culture, 
work ethic, and industrial workforce capabilities of petro-capitalism.25 
 Did the Development and Resources Corporation’s project in Iran succeed in changing 
the culture and workforce of Iran in the same way Ehsani argues the Anglo-Iranian Oil Company 
in Iran did?  In 1972, a Columbia University Anthropology Ph.D. student, Grace Goodell, 
arrived in Southeastern Iran to assess the “Shah’s most famous rural development scheme, the 
Dez Irrigation Project (DIP) in the southwestern province of Khuzestan… internationally it was 
renowned as the World Bank’s showcase agricultural project, a development prototype 
brainstormed by no less an expert than David Lilienthal, architect of the Tennessee Valley 
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Authority.”26 Goodell’s 1986 book Elementary Structures of Political Life is a study in contrasts 
between rural, traditional village life outside of the project, and modern, planned company town 
in the street grid inside of the project.  Her role as ethnographer and American outsider allowed 
for social dinners with American development consultants as well as local village people, 
whether or not those people understood the role of “ethnographer.”  
 Drawn to the project by its optimistic international headlines and her own curiosity to 
observe social change and modernization on a grand scale, Goodell issues a blistering critique of 
the project from her vantage point in 1986: 
Our current “development” programs still focus on centralized, large-scale, capital-intensive 
projects, sectoral overhauls, and sweeping government “delivery” programs for social 
welfare, still aim for overnight transformation with virtually nothing but economic criteria of 
production as their goal (even when expressed in terms of “equity” or “social” indicators like 
health). Our development “assistance” still sets out to destroy local and intermediate-level 
sociopolitical structures that might rein in arbitrary power (even when it claims to strengthen 
them through the increased largesse of the centralized State). Thus, by its very drama [the 
company town] helps us see more plainly the political system that came to permeate Iranian 
society through [the government’s] development thrust, and the kind of system our 
development and programs continue to foster.27 
 
Goodell objects not only to the scale, but also to the directionality of 20th-century models of 
development and modernization. Rather than building up resilient networks, Goodell sees social 
interventions of erasure and obliteration – social interventions that prevent the “elementary 
structures of political life” of her title from doing their work to protect rural peasants.  To 
continue the metaphor of Kazan’s Wild River, a village hamlet cannot perform its social work 
from under water, but that is not obvious to managers who take in the view from an airplane. 
                                                           
26 Grace E. Goodell, The Elementary Structures of Political Life : Rural Development in Pahlavi Iran. 
(New York: Oxford University Press, 1986), 3. 
 
27 Ibid., 166. 
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 Following Goodell’s critique of new systems of social power, as observed in the 
landscape of change, there is still a lingering question about Lilienthal’s foreign expertise-
bringers for development. Namely, Iran at mid-century seems to have just as much to do with the 
invitation to ‘bring expertise’ as the experts who were offering to extend it. In the case of the 
project in Khuzestan, the invitation came to a newly founded consulting business in New York 
City, extended from the head of the Plan Organization in Iran, Dr. Abol Hassan Ebtehaj. In his 
wartime role as head of the National Bank of Iran, Ebtehaj led the Iranian delegation at the 
Bretton Woods conference in New Hampshire in July 1944, and a member of the ceremonial 
board of governors for the newly-hatched International Monetary Fund (IMF). During that visit 
to the United States in Summer 1944, Ebtehaj carried a letter from the Shah to President 
Roosevelt that reaffirmed “Iran’s willingness to cooperate with the United States both during and 
after the War and [was] an expression of hope for ‘more comprehensive understanding and 
mutual aid.’”28 
 Completely separate from the Technical Cooperation Administration’s Point Four 
contract with Iran, the arrival of the Development & Resources Corporation (DRC) duo of 
Lilienthal and Clapp in 1956 announced a new scale of planning for technocratic big works in 
Iran. The DRC offered the “brand” of the original two managers of the TVA itself. It was Clapp 
who announced the project to the American policy and Mideast studies community by authoring 
the lead article of the Middle East Journal in Winter 1957: “Iran: A TVA for the Khuzestan 
Region” 
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5. Epilogue: Expertise from Afar  141 
  
 
 The TVA Idea and Iran 
 
 A new approach to the challenging problems of economic development is taking shape in 
the Khuzestan region of southwestern Iran, where five rivers flow in the broad plain north of 
the Persian Gulf and the vast oil fields feed the gigantic refinery at Abadan. For this region, 
Iran has asked a new kind of American company to take responsibility for a program of 
unified development of water and land resources. 
 
 National planning is not new in Iran. Her government is now embarked on the second 
Seven Year Plan, calling for a long list of projects – new highways, dams, irrigation facilities, 
airports, schools, hospitals, and industries. But building a program of economic development 
on the inter-related natural resources of one of its great regions is a new approach in Iran. 
Indeed, it had not been done anywhere until the Tennessee Valley Authority was launched in 
the 1930’s to try the idea in a sorely depressed area of the southeastern United States. 
 
 It does not seem strange to anyone familiar with the world-wide interest in the TVA that 
Iran should covet the TVA concept for the region of her greatest river valleys. The success of 
the TVA has brought a steady stream of visitors to the Tennessee Valley – technicians, 
officials, and heads of state – to see and study the approach and the methods used. In many 
lands, the TVA has become a symbol of progress and hope. In recent years, projects patterned 
after the TVA experience have been built in some countries, and planned in others. Until 
1956, however, the concepts on which the TVA was established had gained no firm footing in 
the Middle East.29 
 
Clapp was concerned with bringing the complete TVA experience to Khuzestan for the cause of 
Iranian national development. Perhaps it was not completely surprising that at least a few 
features in the Khuzestan project might distinguish it from its Tennessee origins: one difference 
is the organizational structure of the DRC, the “new kind of American company,” addressed 
further below. Another is the physical location in Khuzestan, which might seem ‘universal’ to 
the universalizers, but really is quite divergent from Tennessee, not least when considering 
Khuzestan’s long-term human history of dams, bridges, mill works, and irrigation for agriculture 
along the Karun River at Shushtar, in northern Khuzestan, in continuous existence since at least 
                                                           
29  Gordon R. Clapp, "Iran: A TVA for the Khuzestan Region," Middle East Journal 11, no. 1 (Winter, 
1957), 1-2. Emphasis added. 
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the Achaemenid and Sasanian periods.30 Clapp notes with satisfaction that “facets of the promise 
of the Khuzestan region,” in addition to Khuzestan’s five rivers,  
tremendous stores of energy locked in the mineral reserves of the land and in the rapid 
descent of the great rivers from the mountains – may have been shadowy portents of power in 
the dreams of the ancient emperors or their wise men. But the means, regardless of the ideas 
and knowledge, were not then available to bring this latent power into being... Hard work, 
careful investigation and ingenious methods of execution, plus large amounts of capital, will 
be needed to reap the harvest of the valleys of the Khuzestan region.31 
 
In other words, Clapp enthuses, what geology and hydrology had bequeathed to Khuzestan, and 
had remained unattainable, locked up in a region of vast energy potential surmised at by ancient 
Iranians, the expertise of the DRC consulting team would finally be able to harness for Iran. 
 Clapp goes on to introduce his new organization:  
a wholly private American concern. As such, it has no ties with the U.S. Government; it will, 
therefore, make its own way and make its own policies… like other private firms, [DRC] will 
be constantly aware of American policies on all matters affecting its work abroad; but it will 
not have to tailor its operations to fit the shape of these policies… In its private aspect, the 
company is strengthened through its association with the banking firm of Lazard Freres & 
Co… in the financing problems which will necessarily arise in our work…  
 
 Of greater significance in illustrating the unique character of the Development and 
Resources Corporation is the role this private American company is playing under the terms 
of its agreements with [Iran’s] Plan Organization... [W]e are establishing a new organization 
in Iran to carry forward our work which will give a definite but flexible administrative form to 
this combination public-private undertaking.  This new agency of our company, directed by 
Mr. [John] Blandford, carries the title of Khuzestan Development Service, and will have its 
principal center at Ahwaz, in the heart of the region… The Plan Organization periodically 
reviews and approves the programs proposed by the [DRC] – which will be carried out by the 
new Khuzestan Development Service – and provides it with advance deposits to pay for the 
work, just as any government will appropriate funds for one of its agencies after a budget 
review… 
 The object is development itself – dams, irrigation canals, factories – a dynamic, 
integrated economic growth. The Khuzestan region will be developed to the full, for the good 
                                                           
30 I wish to acknowledge Mehrnoush Soroush at NYU’s Institute for the Study of the Ancient World for 
generously sharing her research on Shushtar’s ancient water works. 
 
31  ibid., 4 
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of its people and the rest of the nation, in accord with the plans, policies, and decisions made 
by Iranians.32 
 
These last few details of organizational arrangements, as described by Clapp in the public forum 
of the Middle East Journal in 1957, should have raised at least a few eyebrows, even in the 
international climate of Point Four planners: With the backing of a privately held American 
investment bank, Lazard Frères,33 the American managers of the DRC were permitted to create a 
new Iranian agency, the Khuzestan Development Service (KDS), with a public contract and 
budget appropriations from Iran’s national development agency. In effect, Lilienthal and Clapp 
seem to have re-created the 1933 Act of Congress that established the Tennessee Valley 
Authority and sent them both into the national, and eventually international, spotlight. 
 By March 1959, Ebtehaj had been replaced as minister of the National Plan Organization 
of Iran. As outlined in the original contract, DRC managers continued reporting to his successor, 
K. Hedayat. In a status update to Plan Organization, the DRC managers exulted in their progress: 
 
 The Development of Khuzestan Has Begun  
 Three years ago Persia's dream of Khuzestan restored was still but a vision; today it is a 
dream no longer, for a major beginning is already under way, a beginning Persians can see as 
a token of more results just ahead. 
 
                                                           
32  ibid., 10-11 
 
33 The years 1966-73 in the banking relationship between elite New York houses of finance Lazard and 
Chase, Lilienthal, Ebtehaj, the Shah, are swiftly explained in three paragraphs by Cary Reich. See Reich, 
Financier, the Biography of André Meyer : A Story of Money, Power, and the Reshaping of American 
Business (New York: Wiley, 1997), 281-2. 
Lazard, as a firm, had a unique role in American finance, with 19th-century origins as a private 
investment bank based on transatlantic family partnerships. It did not become a public corporation until 
May 2005, after Bruce Wasserstein, the late mogul of mergers & acquisitions banking and media, had 
become head of the firm. See William D. Cohan, The Last Tycoons : The Secret History of Lazard Frères 
& Co., 1st ed. (New York: Doubleday, 2007).; Sorkin, Andrew Ross and de la Merced, Michael J., 
"Bruce Wasserstein, Lazard Banker and Engineer of High-Stakes Deals, Dies at 61," New York Times, 
Oct 15, 2009.; Andrew Bary, "King's Ransom for Lazard," Barron's 85, no. 19 (May 9, 2005), 20. 
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 The Khuzestan development program which we recommended in August 1957, and 
which Plan Organization approved, was started immediately.  The work now going forward is 
a clear and observable foretaste of the scope and nature of the larger, long-range program this 
Report describes. Each part of the Khuzestan development program now in progress 
represents an important start affecting the basic sectors of the economy of the Khuzestan 
region and Iran as a whole. 
 
 The Dez dam, scheduled for completion in 1962, is viewed as the first of a series of 
dams to store, control, improve and regulate the waters of the important rivers of the area for 
power, irrigation, flood control and navigation.  The Dez dam will also make it possible to 
divert water from the Dez into the Karkheh [River] and thus help correct the deficiencies of 
water supply for the destitute water-starved people and lands of the lower Karkheh near the 
Iraqi border. 
 
 When completed in 1962, the Dez dam will carry an initial installation of 130,000 
kilowatts; it will store and release water to make it possible to irrigate, even during the months 
of drought, more than 125,000 hectares downstream on the Dez and in addition supplement 
the scarce water of the lower Karkheh River.  The Dez dam will prevent an average of 
$1,000,000 annual damage from floods now suffered on the lower Dez and Karun Rivers. 
 
 The Dez dam is thus the key to a fundamental rearrangement of the waters and plains of 
Khuzestan. 
 
 The sugar cane project of 10,000 hectares near Shush is the beginning of an intensive 
irrigation development within the larger area to be served by the increased flow of the Dez 
River. The transmission line from Abadan to Ahwaz now nearing completion is the first step 
in improved power supply for the region. The PVC plant for plastic manufacture, using gas to 
be brought from the operating oil fields of the region, is the beginning of what should become 
a substantial petro-chemical development.  The fertilizer test and demonstration program now 
spreading into many villages in the area will provide a basic experience from which to build a 
widespread use of greater quantities of fertilizer for increased production of food and fibre. 
[sic]  Thus, the basic elements of a unified development plan responsive to the outstanding 
natural resources of Khuzestan are already translated into programs of action at least a year 
ahead of what we could reasonably foresee in March 1956. 
 
 All of these undertakings can be completed and in service or production by 1962.34 
 
By 1962, the high dam on the Dez River had been topped with concrete. In May 1963, the 
Mohammad Reza Shah Pahlavi Dam, more informally called the Dez Dam, became a supplier of 
                                                           
34.“The Unified Development of the Natural Resources of the Khuzestan Region,” in A Report to Plan 
Organization, Government of Iran; March 10, 1959; Development and Resources Corporation Records, 
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electric power for the southern Khuzestan city of Ahwaz. However, on April 29, 1963, Gordon 
R. Clapp, shortly after returning home to New York City from Iran, died of a sudden heart attack 
on a Sunday evening at his family’s apartment on East 10th Street.35 In October of that year, the 
Iranian national officer in charge of the Khuzestan Water & Power Authority, based in Tehran, 
sent an autographed portrait of Mohammad Reza Shah Pahlavi to Lilienthal in gratitude for 
helping build the dam that bore the monarch’s name: 
Dear Mr. Lilienthal: 
 
His Imperial Majesty the Shahanshah, always mindful of the great services which you and 
your associates have rendered this country in the harnessing of the waters of the Dez River, 
has seen fit to authorize me to pass to you an autographed picture of His Imperial Majesty. 
 
This autographed picture appropriately bears the date of the inauguration of the Mohammad 
Reza Shah Pahlavi Dam. An achievement by which this country will always remember you 
most fondly and respectfully. 
     Yours sincerely, 
       A.R. Ansari 
      Managing Director 
     Khuzestan Water & Power Authority36 
 
In that same week, the American manager of the Khuzestan Development Service (KDS) wrote 
in a handwritten note to Lilienthal: “There are many problems here. The bloom of 1956-59 will 
never completely come back to the peach. Moving to a straight consulting role is made harder 
because of the fact we once played a quite different one. Nevertheless, attitudes have been most 
friendly, and we will see how things move along.”37 
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36 Correspondence, Ansari to Lilienthal; October 14, 1963; Development and Resources Corporation 
Records, Box 449, Folder 1; Public Policy Papers, Department of Rare Books and Special Collections, 
Princeton University Library. 
  
37 Correspondence, John to Lilienthal; October 5, 1963; DRC Records, Box 449, Folder 1; Public Policy 
Papers, Department of Rare Books and Special Collections, Princeton University Library. 
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 These two short notes to Lilienthal in October 1963 bear relevance to the later legacy of 
the DRC’s project in Khuzestan, which never did receive the same level of steady support again 
after 1959. The monarch’s ceremonial appreciations for a high dam attest to the monumentalism 
of a dam project; the rocky adjustment to the Plan Organization, after the ousting of Ebtehaj, 
who had been the original champion of TVA in Khuzestan, highlights the transience of political 
alliances for international development. A dam will last longer than political favor for the 
modernizing visions of Ebtehhaj. Or perhaps, an archive will keep even longer than a dam. 
 Thomas A. Mead, the field manager who first began surveying labor and logistics for the 
region and sent reams of reports to Clapp and Lilienthal beginning in 1958, was an Englishman 
with a prior career in the colonial British administration of Ghana. Mead wrote in his very first 
report to the New York office: 
 My understanding is that the Khuzestan Development Service is expected to mature into 
an entirely local institution, leaning less as time goes on upon the Development and Resources 
Corporation, and becoming responsible more and more to the Plan Organization and the 
Government of Iran. It exists to create opportunities of employment for Iranians, and for the 
execution of its projects it recruits Americans and Europeans only for posts which cannot be 
filled by Iranians of the requisite qualifications and experience, and only as a temporary 
expedient, to be dispensed with, when qualified experienced Iranians become available. If this 
principle is accepted then certain procedures suggest themselves: first, that the employment of 
foreigners, being regarded as exceptional, nor normal, shall be authorized only after diligent 
enquiry into the availability of Iranians, and then only at the highest level; second, that 
whenever a foreigner is employed, deliberate action shall be taken to train an Iranian to take 
his place. 
 
 No other policy is likely to be accepted, for an indefinite period, by the Iranian 
Government. There are probably comparatively few people in Iran who comprehend the broad 
economic implications of the development proposals for Khuzestan. There are many who 
think of KDS in terms of their own individual careers, and many here who will condemn it if 
it does not, within a reasonable period, satisfy their natural aspirations and enable Iranians to 
reach the top.  In fact for the next few years KDS will be on sufferance, and the measurement 
of its success at the end of that time will be not merely in cubic yards of concrete or tons of 
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granulated sugar, but also in the number of Iranians effectively occupying senior positions in 
its service.38 
 
 Just at the time when the project was gaining momentum in Khuzestan, Mead, the British 
manager with employment history in the colonial service in Ghana, shows a certain type of 
perspicacity about the role to be played by local institutions, a ‘local’ problem which he worries 
over time and again. He warns the New York office of the dangers of not becoming embedded 
enough in Khuzestan, which he sees as caught in the and on the virtues of including and bringing 
up the locals through the ranks of skill and participation, as cumbersome as that might be: 
 
There is one thing, which, it is submitted, [Khuzestan Development Service] should avoid, - 
allowing the Housing Estate to become a little America on the Karun… There is one thing 
also which KDS should practice from the start -- hiring workmen of all classes from 
Khuzestan, instead of treating the region as a reserve of unskilled labor and bringing in 
everyone else from the outside. Khuzestan is not, of course, particularly rich in artisans, but 
the people of Khuzestan need the jobs even more than the people of Teheran. Some can be 
found on the spot, and they will be worth employing even if they are a little inferior in skill 
and will need prolonged and patient training.39 
 
Mead, the manager, takes a particularly impatient view to the Shah’s agrarian and social reforms 
as they creak along in the rural Khuzestan district where he is recruiting laborers and 
coordinating construction. Mead tries to relate his frustration with the local landlords’ glacial 
pace of self-taxation and re-districting of their domains. He calculates the role that modernized 
agricultural practices might play in a landscape of glacially-placed tax reforms: 
Intelligent Iranians despair of any good coming out of this. I don't. The fact that Councils 
exist, however silent and ineffective, that not every landlord is an ogre, and that something 
like one in a hundred [landlords] is an enlightened man, not unwilling, but even anxious to 
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39 Ibid., Mead to Clapp, May 1, 1958, DRC Records. 
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give his villages services and amenities. (There are even one or two who have built schools). 
One per cent seems to me to be a reasonable proportion, especially when it includes, as it 
does in the Diz Area, one of the largest and most influential of the landlords… if improved 
agricultural practices can increase production by 50%, the prospect of collecting tax at the 
full legal rate of 5% will be considerably improved, and it won't really matter if it comes 
from the tenant's share… there is, inside the Diz Irrigation Area, a small portion of Public 
Domain within which sanctions could be applied to unreasonable landlords if the 
Government had a mind to do so.40 
 
Mead’s particular frustrations, and his impatience for modernity in Khuzestan in 1958, were 
never fully satisfied. The New York-based DRC was active in other international venues besides 
the Khuzestan project, but the venture on the Dez and the Karun Rivers was the first, and also the 
most prominent, in the DRC organization’s revenue stream. As Iranian payments became less 
regular to the private organization, the consulting role of the “TVA in Khuzestan” also waned. 
By February 1979, the DRC board voted to dissolve its entire organization, including the New 
York home office. After its dissolution, the organization’s internal records, comprised largely of 
the Khuzestan records, were deposited in the public policy archives at Princeton University. The 
first catalog compiler of the DRC files, in 1977, was also Mead.41 
 Any fading hopes for payments had ceased altogether with the fulminations of the 
Revolution and the final exit of Mohammad Reza Shah in January 1979. The agribusiness 
component for a massive sugar cane and petroleum by-products plant were not fulfilled. The Dez 
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Part III. Relating the Mid-Century Logic of Development to Histories of Pre-modern, or 
Pre-modernizing, Water Technologies 
 
 Chronologically, this chapter forms the final, and most contemporary, case and epilogue to 
my dissertation, “Hidden Waters: Groundwater Histories of Iran and the Mediterranean.” I 
suggest that the apparent brilliance of laboratory-based research; post-war political hegemony; 
and industrial ascendancy in the United States might have blinded these mid-century 
modernizers into thinking that top-down solutions would universally benefit agro-ecological 
systems abroad, applying that same universality with which, for example, comprehensive 
vaccination programs could prevent smallpox epidemics in human populations.  
 Further, this mis-placed assumption of the universal application for “advanced” technical 
knowledge became a self-perpetuating force of ignoring and dismissing localized versions of 
ecological knowledge as “backward,” not modern, and not scientific. I have argued in my 
dissertation for a geographic specificity of knowledge about groundwater, meaning that the rates 
and timescales of hydrogeological recharge in groundwater-dependent systems of agriculture are 
far from obvious to the outside observer.  
 Related to this is the long-term difficulty of groundwater-dependent agriculture as poorly 
suited to human timescales of perception and planning, since each aquifer’s timescale of 
recharge relies on slow percolation of water through varying types of rock – ranging from 
months, years, centuries, up to and including “fossil water” deposits of groundwater left over in 
geological strata from the last Ice Age. Planning for groundwater-dependent agricultural 
production on human timescales results in a mis-match of water applications for  expecting 
human demands for production for agricultural economies, on a human timescale of perception. 
Groundwater stores can be “mined,” meaning they are overdrawn in a timescale that is not 
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anticipated by agricultural planners. In the late twentieth century, this legacy of planned 
agricultural development had already resulted in well-known groundwater deficits in the Aral 
Sea Basin, on the Punjab Plain, and in the San Joaquin Valley of California.  
 Universalizing applications of technical knowledge for agriculture emphasize productivity 
for intensive output and economic growth, while the intensity of labor, maintenance, and 
relatively lower production in a groundwater-fed regimes might appear “backward” to the erudite 
observer who expects universal productivity benchmarks, instead of the illiterate farmer who 
practices hydrological management and engineering according to his lived training and 
experience, in the fields and farms where he works.  
 How might such a top-down perspective as the “modernizing” mindset of technical 
knowledge become self-perpetuating, then? The “modernizing” narrative of superior, 
universalized, technical knowledge could become the only narrative, and in many cases where an 
agricultural extension agent checks on new crops, new fertilizers, and better methods for import-
substitution development schemes, it already has. When university-trained engineers have 
eclipsed the practices and preferences of experiential, geographically-specific knowledge, the 
modernizing narrative will have perpetuated itself. It is no surprise, then, that the top-down 
vision of technical knowledge prefers its own vision of prosperity, and further validates its own 
version of scientific and technical knowledge based in formal educational settings, including the 
American university system, at the expense of illiterate, inexplicable, or obscured agricultural 
practices that did not make sense to visiting “experts” in the field, was often equated with 
“backwardness” or  premodern practices. 
 The archives of the Development and Resources Corporation in Iran tell a story of 
profoundly global viewpoints of men who were intent on harnessing the rivers of the Khuzestan 
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region, applying the lessons of the Tennessee Valley Authority, from the offices of their private 
consulting firm in New York. The men of the DRC insisted on bringing their vision to the 
Khuzestan watershed and its people, with their attempts to institutionalize new technologies, 
modern business practices, water management for agriculture and energy, and not 
inconsequentially, Iranian politics and agrarian social structure.  
 The DRC did this work at the behest of the mid-twentieth century Iranian regime, in line with 
the monarchy’s national agency for development and programs for economic “modernization.” 
The relationships of modernization, westernization, geopolitics and imperial profit motives, and 
their political and social significance for Iranian politics and society, are considered in several 
thoughtful studies of Iran’s experience with ‘modernization’ agendas, published in English from 
the 1960s through the present.42  
 While one outcome of this study might be to place these international DRC voices within 
Iran’s drama of modernization and westernization in the 1950s and 60s, I hope to understand this 
as an episode of what it means to assert internationalized knowledge about water systems that are 
distant from the knower. My dissertation has focused on historical instances of knowing about 
water systems, and the role of human knowledge and technique in shaping human-environment 
interactions in arid regions that require water for agricultural settlement. The DRC provides a 
particular example of high-modernist ideas about expertise for ecological ‘problems,’ and is 
most interesting to me as an instance of making mid-20th century ideals more explicit. 
 What I did not know when I began investigating groundwater techniques of ancient and 
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medieval arid environments is that it was precisely these mid-twentieth century narratives of 
expertise, technical superiority, know-how, and best-practice management of water systems that 
I would be talking to, and talking against, in my discussion of groundwater-dependent oasis 
settlements of the Paleolithic era; narratives of technological diffusion across thousands of miles; 
and contemporary interpretations of medieval scientific texts.  All along, it was these mid-
twentieth century narratives of engineering superiority that existed in the background, and 
created the context for my discussions of how environmental historians might understand long-
term systems of water management in arid regions.  
 In large part, I have concluded that mid-century modernizers were unwilling to recognize 
illiterate, or un-modern, systems of engineering such as the muqanni technique of qanat 
groundwater tunnelling and maintenance in piedmont regions of Iran. A particular drive toward 
intensive economic growth, or the rapid increase of per capita income and rise in living 
standards, was another mid-century value driving the modernizers to mechanized systems of 
agricultural production, along with the new petroleum bounty fueling that mechanization. A 
particular fascination with top-down experts, many of them trained in American factories of 
knowledge –the ascendant university systems of the post-war era – made the modernizing vision 
of expertise possible. 
 The voices of mid-century change were voices that came from the top: experts telling their 
post-war followers how to do things better, more efficiently, and with higher production output. I 
argue here that individual managers of the post-war Development & Resources Corporation were 
acting in accordance with their own set of ideals and beliefs about the expertise and value of 
their knowledge, based largely on their experience as managers of the Tennessee Valley 
Authority in the first part of the twentieth century.  
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 Their consulting role, which lasted for two decades, was projected, injected, and eventually, 
ejected from Khuzestan’s river systems. The story of Khuzestani acceptance or rejection of their 
mission can be surmised by reading the work of an ethnographer like Goodell; by looking for 
clues of urban identity formation in a study like Ehsani’s; or guessed at by reading “against the 
grain” in the archives of the DRC. Although Khuzestani farmers’ reactions are not within my 
scope, because I am more interested in the projection and valuation of “new knowledge,” the 
knowledge base of those farmers remain a principal source of interest for me.  
 A secondary concern of this chapter is to understand the perceived need for international 
expertise in mid-twentieth century Iran, on the part of elite Iranians like Ebtehaj and the Shah, in 
light of Iran’s history as a region with longstanding traditions of expertise in regional water 
management. This includes not only the rivers of Khuzestan, originating in the Zagros mountains 
and emptying into the northernmost part of the Persian Gulf, but also the groundwater supplies of 
the Iranian plateau, which had already been employed and reclaimed for Iranian agriculture 
according to longstanding traditions of expert technique and knowledge about local hydrology. It 
is in the spirit of understanding the wry adage about “selling coals to Newcastle,” then, that I 
have begun to investigate these mid-twentieth century archives of “bringing expertise to 
Khuzestan.”43  The forms of expertise valued by planners and policy makers belonged to a 
modernizing post-war paradigm which seemed to, ahistorically, obviate existing practices in pre-
1950s Khuzestan. 
 This Epilogue has continued the dissertation’s inquiry into practices and forms of traditional 
knowledge about water, and just as importantly, twentieth-century scholars’ presumptions about 
                                                           
43 The intended irony of this old saying relates to the port of Newcastle Upon Tyne, in England, known as 
a major hub for coal mining and coal export.  
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the diffusion of technical knowledge (typically formulated: from ‘more advanced’ to ‘less 
advanced’ regions of the world). The archives of the DRC project in Khuzestan present a 
glimpse of mid-century modernizing attitudes about technology transfer and international 
expertise for regional water projects. In the mid-century paradigm of agricultural development, 
groundwater factored as a special ingredient into models of arid-zone agriculture, drilled and 
pumped to the surface with petroleum-fueled lifting machines, and calculated as a constant 
source of input for irrigation projects.44  
 One result of these ahistorical ideals of agricultural modernization has been a series of boom-
and-bust cycles in groundwater-dependent agricultural development projects of the post-World 
War II era. Groundwater could be extracted with mechanized, petroleum-fueled drilling more 
“efficiently” and “reliably” than ever before.  
 
                                                           
44  Stephen Foster and World Bank, Groundwater in Rural Development : Facing the Challenges of 
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In the name of God, the Merciful, the Forgiving; I take refuge in Him.  
   
             Thanks be to God for his good works!  May he transmit his message to Mohammad, the 
seal of his prophecy, the bearer of his message, of his promises and his threats; and may he also 
transmit it equally to his holy bloodline.  
   
              This is [Abu Bakr] Mohammad Ibn al-Hasan [Al-Karaji] who is speaking: in the past, at 
the time of my visit to Chaldea [Mesopotamia], upon discovering how much the inhabitants love 
knowledge, from the very great to the very small, and seeing what degree of esteem they hold the 
learned, and honor them, I dedicated my time to the composition of works on calculation and 
hindasa [the surveyor’s craft]. Then, having returned to Media [Iran], I stopped producing 
works, and the situation was not the same: the one in Iraq had encouraged me. [The one in Iran 
discouraged me.] This is why my passion cooled, and my spirit was suppressed!  
   
              [Such was my sad condition], until the day when God deigned to help his towns  and his 
servants in giving rule to His Excellency [mawlana], the Intendant [the vizier], the President [the 
ra'is] the very honorable Master [al-sayyid al-agall], second to Heaven, the Benefactor of us all, 
Abu Ganim Ma'ruf ibn Mohammad [ibn Ma'ruf al-QASRI]  to whom God accorded a very long 
life, honored and full of good fortune, and may he rise to a very high rank and uphold 
everywhere his affiliations, in supporting [the ranks] of his [political] friends; may he enlighten 
his [political] adversaries, as much as those who live in his retinue, as those who live far away, 
all those who harbor in themselves any possible dissatisfaction in their affairs, thanks to the 
political wise man, by the grace of good leadership and great benevolence [of the new 
administration], he acted immediately to rescue their interests and, thanks to his particular zeal 
for assuring justice for all, without exception, and for according the protection [of the State] to 
all [citizens, without distinction of political affiliation].  May they live free and happy under his 
administration and national prosperity, happy in abundance, in ease, in congratulating each other 
on his good government, singing his praises without end, and the others praising his good 
leadership.  
   
              Hence, if under such a good regime I have started up again, with the joy of my old 
practices, and I am poised – with a sight for courting him, in making this offering to him – by 
writing this treaty here which is about The Extraction of Ground Water, after having reviewed 
the few works by the Ancients which are not satisfactory nowadays for the intended purpose, and 
are very far from covering the whole subject.  
   
              Therefore, I implore Heaven to lift up this minister to the ranks of the most exalted, in 
order that he may expand the competence of his good administration as much in the East  as in 
the West , in order that his virtues and his spirit of justice may profit the whole world, and so that 
at last, the golden age will return to us in all of its finery, and that, at its approach, our happy 
century will have escaped forever from that which is disastrous, from all that which threatens our 
happiness; and may the new regime hoist their colors, alive and shining, burnished with the arts 
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and sciences, and may the dread of Iniquity  fade before the [spirit of] equality , by the wishes of 
the Almighty and by his Benevolence.  
   
              Moreover, there is not a more handsome subject, nor is there an art that is more useful, 
more profitable, than the exploitation of groundwater. This is what renders possible the 
cultivation of the land, and the life of its inhabitants. Thus, I will begin by describing the Earth, 
its nature and its position in the Universe.  
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SECTION [I]  
   
Description of the Earth  
   
              Notwithstanding its mountains and its valleys, its points of high elevation and its 
depressions, the Earth has, according to us, the shape of a polo ball which God placed at the 
center of the Universe, towards the point at which converge [the particles] of the element Earth 
by their own movement. Obviously, the proportions of the Earth are very small compared to 
those of the Universe .  
   
              I profess that God created the Universe completely full, without any vacuum, fitting 
together each of the “spheres,” from one interior to the other: Stars, Fire, Air, Water, and Earth, 
within determined limits, trying to regain, by their own movement, each particle of a given 
sphere in all the time that they are distant from it. Thus, the dense bodies such as the earth and 
the air seek in parallel to the universal Center, the more compact are always getting ahead of the 
less compact.  But in this work, we will not need to discuss the dialectical behaviors (al-kalam) 
of that which comes to result in water.  
   
              Following this thesis, the earth should situate itself at the center, and the water all 
around it. Thus, if it had been absolutely spherical and perfectly water-tight, an earth with water-
tightness would not have a point of entry for the water to infiltrate, and if the radii of the earth 
sphere had been uniformly equal, the earth would have been uniformly and fully covered by the 
sphere of water, just as the yolk of an egg is covered by the egg-white, and this is independent of 
the thickness of the layer of water.  
   
              And if this were the case, there would not be any water flowing: the sole and unique sea 
would have covered the whole terrestrial surface without any continent, without any island, and 
there would not have been any marine animals of small size,  [since the depth of the sea would 
have been the same everywhere].  Indeed, if the earth had been absolutely spherical, with 
everywhere the same length of radius, but that in contrast with the earth it had been porous, 
water would have found itself in one of the three following situations: a) either it would have 
submerged everything, forming a single sea; b) or it would have descended downward in the 
earth, leaving a sole continent by itself; c) or it would have been closely mixed with the earth, so 
that the water and the soil would both have the same level; in these there cases, water would not 
have any instance of flowing, since everywhere its depth would be at the same level. In the 
second case, one would be obliged, if pulling up soil, to use a bucket-wheel (dulab), or a bucket-
handle (garafat).  
   
              I have recalled all this to emphasize the physical characteristic of water, which does not 
flow overall to regain its spherical form; because once it has been formed  like that, it ceases to 
flow.  Thus, in its departure from uppermost points, elevated above the plains, water flows in 
order to regain its own sphere, situated in the Center [of the world] and in the sphere of the earth.  
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SECTION [II]  
   
Related items on the same subject  
   
              Now, precisely because God wanted the waters [without ceasing] to flow from one point 
to the other, and these were on the earth, in the seas, and on the continents, some animals swim 
in the waters, and some walk on firm ground, and there were fields and orchards, with their 
plants and trees of all types, with minerals and everything indispensable for the cultivation of the 
earth, for the survival of other beings, all that which is necessary to eat, drink, and clothe oneself, 
with all the precious and medicinal substances. Indeed He had created the Earth with the 
mountains, plains, marshes, and elevated spots and depressions, with high summits and ravines, 
made of rocks of all types, and of soils of all kinds, and all this, in such varied relief that it is 
very rare to find two radii of the terrestrial sphere that have the same width.  
   
              And it is under these conditions that waters flow without cease from one point towards 
another, which they have left to find the points too distant from the Center of the polo ball, 
destined for the habitat of the earth’s animals, and flows to the points closer to the 
aforementioned Center.  [He created another movement,] this is the transformation of Air  into 
Water, on days of great cold at cold places, when the air condenses into water. Whereas on very 
hot days and at hot places, this water metamorphoses into air, in loosening itself, in becoming 
thin. Double metamorphosis, without which it would be impossible to cultivate the earth well.  
   
              But the peak of divine wisdom would be the creation of a channel  which the Sun 
follows in its ship [its felucca, foulk] , a circular channel that cuts [at two points] the circle where 
the two “poles” [forming the axis of] the first movement, this one that balances the night and the 
day, that is to say, the equinoctial circle , of which sort is one half of the circle of the sun which 
finds at its left and the other at its right, in order that this may give sense to the difference of 
hours [al-azmina] and the division of the year into seasons: the spring, summer, autumn, and 
winter; a difference which is the principal condition for the existence on earth of flora and fauna.  
   
              The wisdom of God required just as much that there would be on the earth a number of 
elevated points in mountains, chained together, one with the other, over a great number of 
farsangs stretched across the longitude just as in latitude, among which there are high humid 
valleys, arranged in succession or in transverse, where in winter, when the cold lingers with all 
of its severity, transforming the air into water, heavy snows fall without ceasing in these elevated 
places, snows which are preserved for the whole year, but which melt slowly during the summer, 
being warmed by the sun, which rises at that time higher, feeding the springs and the rivers, 
karez and wells, the greater part of the waters that flow from snows in the veins of the earth,  
going to refill the ravines and cavities in the sub-soil, some into the streams and rivers which are 
lost into the seas.  
   
              Indeed, God formed the sub-soil [entangled throughout] out of barriers, some of rock, 
others of clay and others of hardened earth, some standing up perfectly straight, others flat, 
parallel to the horizon, others [more or less] at an incline cutting across the surface of the soil. 
Appendix B.  Karaji’s Treatise on the Extraction of Hidden Waters  202 
 
  
2. Related Items on the Same Subject  
These barriers and obstacles of the sub-soil bring to mind the tendons, nerves and veins that [go 
all throughout] in the body of an animal.   
   
              And he created nature with extremely varied soil so that the waters, instead of 
stagnating at one point, would search ceaselessly for their own sphere, without ever finding it 
again; this is why there is a lot at some places and little in others; here there is water at a shallow 
depth, and there at a great depth; these places where there is too much water and places where 
there isn’t any at all on the surface, nor at depth, because they are at once far from the mountain 
and at the same time too elevated to have a connection to the Center of the earths.  
   
              All the mighty water courses, all the great streams, all the great rivers are nourished by 
the mountains covered in eternal snows. Such is the case for all these situated under the Great 
Latitudes, regions where life is possible, but where the wildlife is less abundant.  
   
              In creating the soil and the water, God gave to these two origins: a) stagnant water in the 
depths of the earth, and in wells, and b) water in wadis, streams, and ponds; for the origin of 
these, there are rains and snows, and for lack of these, they will subside, or dry up, leading to the 
ruin of agriculture.  
   
              I have heard tell of islands  [the island of Bahrain] where there flows sweet water from 
powerful springs, which therefore do not come from the sea water with which they are 
surrounded, which is brackish, while this here is sweet. These sweet waters come from very far 
away, pass under the depths of the sea, and they would not gush forth here except for the fact 
that they are fed from a point at a much higher elevation, in a region where there are snows 
which melt, when the sun is higher, flowing the whole year all the way through the soil.  
   
              The great wadis are therefore not fed except through such elevated places. The proof is 
that their floods happen in spring, the season precisely when the sun is above the snows which 
are feeding them. And so it is always this way when they originate in the north and flow towards 
the south . But when their origin is in the south, their floods take place when the sun is between 
the signs of Libra and Scorpio, since it is in this season when the sun is found above the glaciers 
which feed it.   
   
              This, for example, is the case with the Nile. Indeed, the source is situated in the south, 
and it floods in Cairo, which is in the north, around autumn. [But the orientation of the Nile is 
exceptional in its direction of south-north.] All the other rivers of civilized lands have their 
sources beneath the Great Latitudes, in the direction of north, whose humidity is very great and 
whose air is compact it metamorphoses continually into water, determining the floods of the 
rivers, of springs, and also of those veins and cavities in the sub-soil.  
   
              In the civilized zone of the earth, there are mountains, the type about which we speak, 
whose snows, in progressive melts, feed the springs, the aquifers, the lakes, and at last, the rivers 
whose points of departure and arrival are so well known. The simple springs give birth to 
streams or small rivers; but I came to observe for myself these sources have a great flow, coming 
out of the rock. At the origin of great rivers are always these great sources.  
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              A philosopher put forth the opinion that in the depths of the earth there is air which 
metamorphoses itself into water - on the condition that it may be very cold there in the soil - 
which gives origin to the flowing sources for the length of the [natural] subterranean channels 
and forms the standing water tables. Among the superficial waters, there are no sources which 
never dry up; the reason is, just as I said, that the presence of springs in the depths of the earth, 
but which exit at the surface when they find a point closer to the center of the earth, which is 
where they originate.  
   
              Always in the depths of the ground, it flows in the same way where the springs which 
hollow out a course through hard rock and which the waters, coming to the end of the hard rock, 
thanks to some fissure which they have widened, see the light of day, at the side of the mountain, 
it doesn’t matter how high the given level is, may be it is closer to  the center of the earth  where 
it is more elevated, this is where the springs are at their origin.  
   
              The philosophers claim that it can and has sources at the summit of a mountain; 
according to them, this is the ascension of vapors  accumulated in the depths of a mountain, and 
trying to escape from it which trigger the metamorphosis of [pure air] into water which exits at 
the summit.  
   
              By the fact that God created the earth provided with the gushing springs themselves, we 
can infer that there are, in the depths of the ground, right under the eternal snows, great supplies 
of water, may be in the sandy depths of high valleys, may be in the parts of the deepest steep 
embankments, where the soft rocks or or at the sandy depths, where they pour out into the veins 
of the sub-soil, flowing in the direction of the lower aquifers which are standing [under the 
plains] in the deepest depths of the earth.  
   
              There are, in the sub-soil, waters which, having come from afar, meet up with an 
impermeable barrier, impassable, made of hard rock, against which they have stagnated.  If one 
digs a channel across such a barrier, water will rush out with all of its might. The tradespeople 
call such a source Artesian (ma’ al-taw’ab) . Indeed, these are subterranean aquifers which are at 
the origin of similar sources, artificial or natural, nourished by the veins of the sub-soil.  
   
              I observed, at the village of Kendeh, in the district of Saweh, a stream of sweet water, in 
a valley, between two mountains. And here, by this sweet water stream, one can see emerging, 
from the middle of a rock that is broken in three different spots, a water that is definitely 
brackish, causing diarrhea in those who swallow a few sips from it.  Therefore, without a doubt, 
this brackish water does not have the same source as the sweet water from the stream, and must 
originate from a source further away, and the alteration of its taste must come from the [nature 
of] the rock through which it flows.  
   
              Sailors report that, here and there, at the bottom of the sea there are sources of sweet 
water . But this does not seem credible to me, because sea level is closer to the center [of the 
earth], no matter which continental river whose depth approaches sea level. Indeed, the ocean is 
that store of primitive water which does not feed into any river, nor any low-lying source, at its 
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own level -- contrary to what the sailors imagine -- unless it is not a question of sweet water 
infiltrating from the continent, via the porous rocks at the bottom of the sea.  
   
              Now if someone were to say: I accept, a priori, your opinion about the sphericity of the 
earth, but this does not explain for me why the mountains and the depressions, the peaks and the 
precipices which exist side by side, do not follow the letter of this so-called law of sphericity, 
since you have posited that the earth-particles are seeking their own sphericity and are equally 
desirous of reaching the Center, and as a consequence, they create a surface that is uniformly 
spherical.  If your opinion were correct, it would have been necessary for your particles of earth 
to be in movement, just as the particles of water are, which are always descending, flowing 
toward the Center, as soon as they find themselves a little bit removed [from the Center].  
   
              We would respond to this objection which in reality, by making a link extending to the 
earth’s surface, the difference in level between the mountains and the valleys, the plateaux and 
the lowlands, is very insignificant and whose apparent immobility of the particles of earth does 
not nullify the spherical shape of the earth, in spite of the positions which concern us here.  Even 
if the Earth had the shape of a cube or that of a regular polyhedron in which a sphere can be 
circumscribed, it would not be less the nucleus of the universe, and its constituent particles 
would not destroy its general equilibrium in any respect. These particles counter-balance each 
other, because they have equilibrated themselves, in despite of their rigidity, through a counter-
weight system represented by the massive mountains themselves. Besides, if the particles of the 
earth had been created as dust, the earth would be unsuitable for agriculture, since water would 
be lost on the surface of the ground by infiltrating into the deep pores of the sub-soil, where it 
would have been impossible to extract. Thus, if the earth were made up of bonded particles, one 
to the other, water would be put on one side, as a way of reinstating the equilibrium with the 
solid earth, and if it had been composed of free particles, its mass would have taken on a 
spherical form for itself, but the particles of water would have penetrated into the sub-soil, 
leaving a surface inappropriate for all culture; because, in His great wisdom, God,  had created in 
one stroke the mountains and the valleys, the plateaux and the depressions, the summits and 
precipices, all different in level, yet arranged in such away to equilibrate with counter-weight, 
approximately, everything around one center point, without moving the constituent particles, and 
He created this type of water that fills up the depressions, the depths, forming the seas into which 
the rivers empty out.  
   
              It was necessary, then, for most of the waters to draw down their sources, whether snow 
or rain, so that Water and Air would constantly metamorphose themselves, one into the other.  
So the points of highest elevation away from the Center have formed the continents, where the 
terrestrial animals live, and the points furthest away from them have formed the chasm where the 
marine animals live.  Thus, if it had been rare on earth, water would not have formed these water 
courses, without which there would not be any place where agriculture would be possible.  
   
              To this, we might add that the earthly particles are far from being as immobile as they 
seem to be, since they are also constantly seeking the Center. Buildings tilt, fall, and crumble. 
Mountains and their summits are exactly in the same situation, crumbling little by little; their 
rocks are crumbling at the edges, and breaking down, downwards, in the direction of the Center. 
Appendix B.  Karaji’s Treatise on the Extraction of Hidden Waters  205 
 
  
2. Related Items on the Same Subject  
Not to speak of sand, moving all the time because of its character: its grains, constantly breaking 
themselves down, tend to find an even level.  
   
              Even so, the greatest of these movements toward the Center is the extent of water, the 
rivers which flow from one point in the earth to another, in very long intervals of time from the 
summit to the depressions, [forming bodies of water there] rising ever higher, until these 
determine [by their weight] to bring about a disequilibrium of the earth, and the earth sets a 
counter-weight that shakes itself in order to re-establish the broken equilibrium. This is an after-
effect of a similar phenomenon which changed the latitude of lands, their longitudes, and their 
positions in connection to the rising [of the sun]; that the rivers [or the seas] displaced 
themselves; that their sources appeared or disappeared. All this did not happen suddenly, in one 
sole stroke, but gradually; just like a civilization , which after long neglect, departs one region to 
plant itself in another.  
   
              After the theory of the philosophers who attribute the lack of culture and the 
shortcomings of the civilization of the Hypernotians (Herodotus’ People of the South ) to the fact 
that when the sun is at its perigee, it will find itself right at their zenith, it is very probable that 
the day will come where our own civilization with our temperate climate will emigrate to the 
extreme South and when these times come, this will be when the apogee of the Earth will find 
itself at the zenith of the Hypernotians. When this comes to pass, they believe, eighteen thousand 
years from now, the span of time necessary for the point of the apogee of the sun to deviate from 
the point of the perigee, since the precession of the equinoxes, according to Ptolemy, is one 
degree per  epoch of one hundred years .  But God is most wise.  
   
              This will suffice to typify the diverse points which I am going to call back on, and to 
discuss if one wants to understand very well the fundamental problems of the art which is the 
exploitation of subterranean waters: because showing exactly the character of the earth and that 
of water, with the position and the nature [khilqa] of each, is already to know the behavior and 
the resting-places of water, which will be a great help to whomever wants to be initiated into this 
art.  
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SECTION [III]  
   
A few points about subterranean waters  
   
              God Most-Exalted created, let us say, water within the depths of the earth, where it 
resides at its resting-place, just as blood resides in the animal body. Let us say that the rains do 
not increase at all, and the dryness is not relieved at all by this mass of water here, which, 
according to the belief of the Ancients , stems from the metamorphosis of subterranean air. This 
primordial water fills up all the pores of the sub-soil and it joins them, one to the other, insofar as 
the obstacles or the barriers do not impede it at any stage. And this water flows the length of the 
veins of the sub-soil, from the points distanced from the Center towards the points which are less 
distant, and, like all water which sometimes flows and sometimes stagnates at the surface of the 
ground, this water in the sub-soil also sometimes flows in subterranean water courses, and 
sometimes stagnates and forms immense subterranean layers. The major part of these immobile 
layers stagnates in the sub-soil of the flat steppes and in those of the immense plains bordered by 
arid plateaux or mountains. These waters come from the melting snows piled up in the high 
valleys, while the sun finds itself at their zenith, they flow into the sub-soil, toward these layers.  
   
              Underneath this type of steppe [bordered by snowy mountains] there is consequently 
more water, anyway, these mountains are the [natural] reservoirs of water for the adjacent plains, 
inasmuch as the subterranean barriers do not impede the flow of water.   From these mountains, 
the north-facing  slopes are more humid than the ones which face the east and west, not to speak 
of the opposite slopes to the south, being the place where the sun, in the re-warming from 
morning until evening, is beating down all year long, removing from the water its sweetest and 
most subtle parts, which will metamorphose into air. Besides, it is for this same reason that sea 
water is simultaneously briny and thick, the sun having robbed it over the course of the ages of 
that which it contains which is sweeter and more subtle.   
   
              [This metamorphosis had taken place to the detriment of the higher layers of sea water; 
otherwise these sea depths would have stayed sweet]. The proof is that the sailors draw the water 
that they drink from the depths of the sea.  
   
              To extract this sweet water, the sailors use a leaden vessel, with small holes drilled in 
the bottom; the spout of this vessel is attached to a very long tube made of fine leather and 
perfectly waxed, made waterproof. The spout of the vessel is corked with a ball that has been 
made symmetrically [muhandama] and attached to a rope that is as long as the tube; one sends 
the vessel to the bottom, and when it feels as if it has hit bottom, one pulls the rope attached to 
the ball, and immediately the air contained in the vessel empties out, and the water (sweet, from 
the sea depths) comes in through the small holes in the vessel, and refills it; at this moment, one 
brings back the vessel with the help of the rope previously attached to its handle: it contains 
sweet water.  
   
              Another proof that the sun robs water of its sweet and subtle parts is that stagnant water 
in the sea, or in wells with a weak flow, cease, over time, to be sweet.  
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              It is equally necessary to know that it is impossible for water to suffuse fully through a 
sub-soil that is partitioned off from numerous standing [rocky] barriers, as the ones that are flat, 
and ones that are at an angle (more or less).  And these are similar subterranean obstacles that 
reduce water to perk up to the surface of the ground, in the form of springs with more or less a 
great rate of flow; or in the form of a perennial spring; or in the form of a weak well, whose 
water is not abundant, except in its depths. As for a spring that is powerful enough to form a sea 
that covers the continent, this is nothing other than [Noah’s] Flood .   
   
              The proof that we are positing is the existence of a spring, in the depths, in the middle of 
a steppe that is bounded and bordered by arid plateaux.  
   
              That which proves the great diversity of rocks in the depths of the soil and among them, 
the presence of some form of partition and barriers compartmentalizing the sub-soil, is the 
existence side-by-side of arid steppes [like the Arab plateau] and of vast plains like the Chaldean 
[Mesopotamia], where water is present everywhere in the ground at a shallow depth. The ground 
of the Chaldean plain is porous and made up of grains of dust, all similar to themselves, without 
any partitioning or barriers traversing the depths of the earth. The ground there is everywhere the 
same level, just as the level of wells there are low, or rise at the same time as the rivers that water 
the country. Thus, one year, when the flooding of the Tigris was threatening to submerge the 
river-towns, the State had put up levees here and there in front of the wild river, this because of 
the spillover and spurting of the water from their wells so that a number of villages and houses 
had been submerged. In fact, that year when the water of the Tigris was fresh, although murky, 
these wells, although clear, had a taste that was brackish.  This could not have happened unless 
the sub-soil was lacking in partitions and barriers, and instead, was completely porous, as we 
have said, to the type at Isfahan , similar in some respects to the type of Chaldea.  
   
              And this is when there is exactly the right amount of water: when there is not less, than 
will allow agriculture to develop, to protect from calamities and disasters; because when there is 
too much water, or not enough, agriculture suffers, and a scarcity or famine will be a danger.  
   
              As for the Flood, it is due to the excess of vapors [bukhars], to the compactness of the 
air, which has metamorphosed into water. While the Flood of fire is set off by the rarefaction of 
vapors [bukhars] and of humidity; because one [excessive] dilution of air, into which it has 
metamorphosed, then, into fire .  
   
              Let us recall equally the artesian springs [ma’ al-taw’ab] owing to the accumulation of 
rain water whose subterranean course had been stopped short, in the sub-soil, by some horizontal 
or vertical barrier, preventing the water from going any further. Therefore, if one were to drill 
this barrier, on the search for water, this would gush out forcefully, but this gushing would not 
happen for longer than the subterranean layer is full; it would stop the day when it was finally 
exhausted.  
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4. Description of the Mountains and Rocks that Reveal the Presence of Water   
Section [IV]  
   
Description of the mountains and rocks that reveal the presence of water  
   
              Let us say, following what has already been written, that the black mountains, full of 
moisture or giving off humidity revealing the presence of water, provided that they are made up 
of both rocks and crumbly soils. These are the ones which harbor the most water; followed by, in 
order, ranked according to their abundance of water, the green mountains; then the yellow 
mountains; and finally the red mountains - in accordance with the opinion and the classification 
by the Ancients.   
   
              The black mountains, made up of soft rocks laid down in stages, or in layers (dû-atbâq), 
flattened out at the summits and formed [smooth and] thick, harbor more water than all the 
others. But if these rocks are too many and too hard, they harbor less water. Isolated mountains 
are very scant in water, especially when they are almost solely made up of hard rocks, because 
the snows recede too quickly in these mountains.  
   
              As for the innumerable mountains knit together, one to the other, and covering an 
expanse of the earth’s surface which is measured in a great number of farsangs,  and between 
which there are innumerable high valleys, where the snows remain until springtime, and even 
until the summer, entirely sheltered from the sun,  they harbor water, which may be the color of 
their rocks. Their abundance of water is considerable when their summits are [rounded out], very 
flat and wide; when the wild plant shoots on their slopes are very tender, and full of sap. When 
they are covered in forests whose trees intercept the harshness of the sun, they harbor even more 
water, especially those slopes that are facing the north .  
   
              As a general rule, the presence of soft rocks, blackish and arranged in layers (or strata) 
as long as it is at the surface of a steppe, or on the slopes of the mountains, betrays the existence 
of water.  It is the same for the presence of varied rocks, numerous, and for a surface covered in 
grains ; this reveals the abundance of water. Diverse [shades of] white rocks  indicate the 
presence of water. And if there are boulders standing on the mountain, upright, or plenty of 
protruding crags, jutting out, the mountain harbors water.  
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5. Examining the Terrain that Harbors Water   
Section [V]  
   
Examining the terrain that harbors water  
   
              Not knowing how to read the terrain for signs which indicate the presence of water in 
the sub-soil, it is not the point to become acquainted with this art.  Up until now, I have 
enumerated all the characteristics revealing the presence of water, except the only sight that 
reveals this presence.  
   
              Let us say then that the whole steppe which lies at the foot of the mountains described 
(in the previous section) contains water. Since amid these steppes stretched out at the foot of 
these mountains, the water is located at a shallow depth in places where they are closer to the 
Center of the Earth, especially in porous ground. If the steppe is entirely made of similar porous 
ground, there is water throughout it, more or less close by, but even so, the water is located at 
more shallow depths, in places closer to the Center of the Earth. And at a greater depth, in places 
where they are further distanced. As for the flow of water, it is the same everywhere.  
   
              It goes without saying that here where the wild plants are the most abundant, this is also 
where the water will be found at a shallower depth, all the more so in greater quantity when the 
plants are more tender, when they release, in the morning, at a good hour, the most humidity.  
   
              And there is water underneath the valleys where the springtime floods flow, and those 
which are like extensions of the high valleys; when it behaves in the valleys apparently without a 
way out, permitting the said waters to flow further, on the far side.  
   
              Here where you will see every morning the ground covered in mist, in fog, or simply in 
dew, you will know quickly that there is water.  
   
              Here, where in the basins or the basins in the area around mountains, you hear 
something like the whistling/hissing of the wind, there is water, especially here where there are 
plants and here where there is morning dew; otherwise the whistling could not be heard, in fact, 
this wind that whistles/hisses is a tear in the sub-soil, producing a sound.  
   
              And according to the Ancients the whole basin, or whole basin covered with black earth 
contains water.  This is found most often at the bottom of ravines, caverns, and chasms, in the 
form of soft loam.  
   
              Close to Nèhawend , at a sandy place, on the slope of a mountain, one hears sometimes 
something like a whistling/hissing of the wind, and immediately afterwards, water comes out and 
gushes out towards the bottom of the mountain and  goes to irrigate the fields.  This takes place 
once every two or three days, but sometimes the water gushes out multiple times during the same 
day.  
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6. Plants that Indicate the Presence of Water   
Section [VI]  
   
Plants that indicate the presence of water  
   
              These plants are:  
   
              Oregano Dictamus [or Dittany of Crete (Origanum Dictamnus, Lin.) (al-baqla al-
hamqa) ]  
   
              Papyrus (al-bardi)  
   
              Black nightshade [(Solanum nigrum, Lin.) - (‘anab al-ta’lab)]  
   
              Pennyroyal mint (Mentha Pulegium, Lin.) - (al-habaq al-nahri)  
   
              Common Sorrel (Rumex Acetosa, Lin.) [ - (al-humad) - or also the Western Dock 
variety (Rumex Aquaticus, Lin.) - whose Giant Water Dock Rumex Hydrolapathum (Huds.) - 
humad al-ma’ - is a variety; ]  
   
              Celery (Apium Graveolens) kerefs al-ma’ [or also good is Apium Palustre, unless it is 
Parsley (Apium Petroselium) or wild celery (Apium Dulce) ]  
   
              A sickly-sweet herb which feels like violet (?)  
   
              African Lycium (Lycium Afrum, Lin.) - al-‘awsag - with linear leaves, narrow and 
fascicled  
   
              The slender common Reed - [a Cane : the marker; unless it is a grass, of the genus 
Arundo Phragmites or A. Aegyptiaca]  
   
              Artichoke (wild) - (Cynara Scolimus) - al-Hurshuf - [unless it is a Blessed Milk Thistle 
(Silybum Marianum) nor Common Leek (Sempervivum tectorum), a crassulacean succulent.]  
   
              White Bryony (Bryonia Alba) - ‘anab al-hayya  
   
              Maidenhair Ferns (Adiantum, Lin.) [or Peri. sya-wushan]  
   
              Stinking Chamomile (Anthemis Cotula) - al-Uqhuwan - al-qiras  
   
              Licorice (Glycyrrhiza Glabra) - al-sus  
   
              Sweet clover (Melilotus officinalis) - iklil al-malik  
   
              Blackberry Brambles (Rubus Fruticosus, Lin.) - al-‘aliq  
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              [erroneously noted al-‘alfaq, (unknown word) which, he said, is the same as al-lif ? 
(without a doubt, al-luf = filgus, otherwise known as Arum lily or Arisarum [Vulg.], unless it is a 
Dracunculus lily [Vulg.], luf al-hayya, or the Serpentine. In Iran, the Lif currently designates the 
fibers of Gombo, a type of sweet Pepper, which the Arabs call al-Bamiya; but primitively, the Lif 
designated the fibers of the palm, acting like our sponge].  
   
              Alfalfa (Alpha Alpha) - al-halfa  
   
              Terebinth / Turpentine - al-buttam  
   
              Aromatic Nut Sedge (Cyperus rotundus or C. longus) - al-sa’d  
   
              Chasteberry (Vitex agnus-castus) - al-bangangust  
   
              Camelthorn (Alhagi Maurorum) - al-hagi  
   
              Lesser Bindweed/Morning Glory (Convulvus Arvensis) al-lablab [or also the Hyacinth 
Bean of Egypt]  
               
              Tamarisk (Tamarix Mannifera) - al-tarfa’  
   
              Willow (Salix) - al-khulaf  
   
              Colocynth / bitter apple (Cucumis, Lin.) - al-hanzal  
   
              Slender Hollow Reed (Arundo) - al-qasab al-mugawwaf  
   
              Wild Carrot / Queen Anne’s Lace (Daucus Carota) - al-gazar al-barri  
   
              Wild Mustard/ Cabbage (Brassica Eruca, Lin.) - al-karanb al-barri  
   
              Amphibious Bistort / Knotweed (Persicaria Amphibia) (Polygonum Amphibium, Lin.) - 
‘assa al-ra-iy.  
   
              And, in general, all the plants that are tender, fresh, most humid, to the point of bowing 
themselves over towards the ground, and the unexpected presence of all the plants which, 
ordinarily, would grow alongside river banks, indicating that water is nearby in the sub-soil.  
   
              As for the Camelthorn (Alhagi Maurorum), it will plunge its roots deep into the soil, 
until it reaches water.  I have personally observed, on a high bank of the Tigris, where the Alhagi 
was growing; the flooding of the river had completely chipped away, over time, the base of this 
river bank, laying bare the roots of the Alhagi which had reached the water : now, from the soil 
at the foot of the plant, to the water, it had been fifteen cubits long [7 or 8 meters].  
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              And here is what I have from a very trustworthy man: he told me once he had dug a well 
in a steppe, where there had been growing an Alhagi, and having observed that the roots of this 
plant descended the entire length of the well - which measured 50 cubits (perhaps about 25 
meters) - finally reaching the level of subterranean water!  Almost everywhere, the Alhagi sends 
its roots to draw water from the depths. Anyway, the better watermelons are the ones that have 
been planted atop the roots of the Alhagi. To do this, one lightly splits the roots of the Alhagi, 
close to the ground, and there plants, next to it, the seeds of the watermelon and covers them 
back up with soil. The water melons that grow there are absolutely superb,  very superior 
compared to the melon that comes from seeds being sown. Besides, the horticulturalists use the 
roots of the Alhagi to sprout there, in the same way, a great number of cultivated plants.   
   
              As for the following plants: Papyrus, Pennyroyal Mint, Oregano Dictamus, Celery, 
Narrow Reeds, whether hollow or full, Alfalfa, Aromatic Nut Sedge, Willow and Colocynth, 
personally I have never seen them growing anywhere except next to water, running or stagnant, 
or near water located at a shallow depth; but the Ancients wrote that they grow equally in a dry 
ground harboring water in its depths - in its natural, wild state.  The Wild Artichoke and 
Common Sorrel grow, they also wrote, in this type of terrain, where there are artesian aquifers 
(ma’ al-taw’ab); but it is without a doubt because these two plants happen to be up high on the 
mountain slopes, just like the artesian phenomenon.  
   
              I would also add that I have never observed the African Lycium, with linear leaves, 
narrow and fascicled, anywhere other than in a sort of terrain where water had already been seen 
[on the surface].  
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7. Description of Arid Mountains and Arid Lands   
Section [VII]  
   
Description of arid mountains and arid lands  
   
              We might add that the mountains with white boulders  are arid. The isolated mountains 
are similar, above all when there is nothing but boulders. The same goes for the lands far 
distanced from humid mountains where one does not find water except at a great depth. In 
principle, the lands that are too smooth and without any wild vegetation, do not contain water; 
the same for those where the dry clay calls to mind the clay of the potter. The ground that is like 
smooth slabs of flat rock, suited in ever sense as if they had been covered, are all completely 
arid. Every gravelly land, sandy and containing large grains of sand, is a rather arid soil. The 
steep soils, but flat and exposed to the ravishing of the meridian sun, are all very scarce with 
water.  
   
              By pronouncing the similar soils, which ones are arid or scarce in water, we understand 
that water is found at a great depth; because otherwise, as long as one digs a well that is 
sufficiently deep, one would find water at some certain depth, without any doubt, on the sole 
condition that they would not be hindered by the obstacles of a physical array.  
   
              And the water that one draws from arid lands is generally brackish.  It is quite rare that 
such a water pulled from the great depths of the earth should be potable. The same for the soils 
where there is plenty of water, here, if it is from a river, it is only sweet if it has not passed 
through saline soils, otherwise it is not drinkable, and not appropriate for irrigation. How many 
times have I seen rivers and springs that are full of beautiful water, but not a beast wanted to 
drink there, because it was more or less salty!  
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8. The Different Types of Water and their Taste   
Section [VIII]  
   
The different types of water and their taste  
   
              There are three types of water in the sub-soil.  
   
              [a] Primordial Water which spreads in the depths of the whole Earth; and whose 
quantity does not increase or decrease as a function of the rains; and whose state does not vary, 
except very rarely. This water submerges the whole volume of the Earth, and stagnates through 
throughout the tears, fissures, and pores of this Earth. Its quantity is not decreased by the 
summer, by the heat, and it always remains the same over the course of millennia. Following the 
constitutions of the terrain, one is porous and the other is impermeable, going through obstacles 
and rocky barriers, retaining the water, impeding its drive (toward the Center), this water is 
located in the following places, one at a shallow depth, and others at a great depth. This is one 
water that circulates slowly, in certain places, and not in others. Once it is caught, it has a 
constant channel of water, by flow and by taste. Its flow is a constant because the metamorphosis 
of the subterranean Air comes from this water, and because there is always some air in the sub-
soil .  
   
              [b] [The second type of water is missing here; surely it must deal with seas and oceans]  
   
              [c] The third type of water is that of the rains and the melted snows, which are harnessed 
to irrigate the fields. The springs, streams, and rivers have the same source. These water courses 
are generally sweet, do not change in taste in becoming that of the seas and marshes [except 
accidentally] ; because it is the sun which is the principal means for altering the water; this is 
what removes its sweetness and spoils the taste of potable water ; while the subterranean waters 
preserve their good taste in their shelter [from the sun]. The waters of the qanat/karez remain, 
therefore, sweet if they have been able to avoid passing through certain soils.  
   
              A philosopher said: “heat is the life of water, whereas cold is its death.”   I have seen 
springs whose water is as hot as the water of the thermal [baths] - a heat caused by the 
decomposition of the soil - such a water, if it remains sweet, conserves its heat much longer, no 
matter at which depth it continues its course. And the cold waters of the aqueducts are not 
powerful, because they come from the melting of the small glaciers, unless they have as their 
origin the permanent glaciers which always exist.  
   
              Indeed, powerful waters, perennial and from [glacial] origins, always spring forth from 
the bottom of the tunnel of an aqueduct, and do not spring forth from the walls, except when one 
digs more, in cases where there is no risk of a flood. The water can spring forth from the walls of 
all the wells that one digs in search of the mother-source, above the tunnel of the aqueduct - at 
the level where one might expect to discover this source, but it is not necessary ever to be 
satisfied with these waters which flow from the walls, because it can be that they come from 
some pocket of water [ma’ al- taw’ab] or from some precarious layer without any connection at 
all to the mother-source. [Naturally] water that comes from glaciers can travel through a rock, a 
bed of pebbles or sand, free of all aquatic plants.  
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              Apart from that, the taste of water does not change except for the nature of the rock, or 
because of the aquatic plants, such as moss, through which it flows.  This is the reason why one 
encounters waters that are saline, briny, sweet, sulfurous, altered by their contact with naphtha, 
mercury, realgar, bitumen, alum, sulfate, and every other mineral substance that may be found on 
its route.  
   
              Certain waters induce diarrhea, others constipate. There are, in principle, as many 
species of water as there are species of rock. The less-good water is that which has flowed 
through a rough and arid soil, not well-soaked; indeed, eventually - it is after washing the 
aqueduct for years and years - that the water turns very good. By means of flowing thoroughly 
through the same soil, the water finally purifies it.  
   
              All stagnant water is inappropriate for human health, and engenders contagious 
diseases, even mortal ones. There are waters, in every place, which can kill those who drink them 
- with the exception, of course, of the indigenous residents who are accustomed to drinking it.  
   
              The best waters are those which do not weigh down the stomach and which are digested 
rapidly; which, with heat, warm rapidly and, in the air, cool very rapidly. All water which does 
not have these qualities is not recommendable, and creates a risk for epidemic disease. Anyway, 
an excess of water is as bad for the body as a lack, or thirst. In principle, one should reject all 
water whose color has been altered by a mineral substance, whether rock or vapor . Saline water 
which crystalizes in contact with air is very bad; it will induce diarrhea. It has spent time in 
soluble rock. We do not need to study the other types of water here.  
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9. Examining Waters that are Heavy, Light, Diluted, Viscous, and Sickly-Sweet   
Section [IX]  
   
Examining waters that are heavy, light, diluted, viscous, and sickly-sweet   
   
              Avoid altered water that seems bad; it is not potable. Water that has a bad taste should 
be rejected. If it is not possible to test the water, by drinking it, feeling it, or examining it at 
length under the light, you must test it by warming it and letting it cool again. If it warms and 
cools [during the same period of time as a sample of potable water would] it is good. If the water 
has been left to stagnate under the air, in a basin or at the bottom of a well, it is suspect.  
   
              To have two waters and wanting to know which one is better - if it’s impossible to know 
with a simple sensory examination - take the same volume of each water, and compare them 
together, there is always a lighter one, which is also the healthier one.  You can take two clay jars 
of the same quality and absolutely new, having the same color and the same capacity; pour each 
type of water into the pot; put each one on a tripod, left on a plate of ceramic or glass; wait for an 
hour or more. The jar which has sweated the most, contains the lighter of the two waters.  
   
              In the same way, you can take each of the two waters of the same volume and pour it 
into two vases of the same quality and the same shape. Take finely powdered clay, and throw the 
same small pinch, in the same manner, into one and the other vase; stir it well [with a stick] to 
cloud them, and let it settle. Some time afterward, examine the two. The water that has purified 
itself first, in depositing its clay, is the healthier one.  
   
              There is yet another process for “weighing.”  
   
              Take two units of the same clay powder, equal in weight. Then take two units of one 
and the other water, equal in volume. Knead each unit of clay powder with each volume of 
water; round two spheres, and allow them to dry, one next to the other, both in the sun, or both in 
the shade. When they are well dried, weigh them. The one that is lighter is the one that was 
kneaded with the better of the two waters, thus the healthier of the two; because the same way 
that water borrows its taste from the soil, becoming the heavier one, the same happens with earth 
that borrows its taste from water, becoming the heavier one.  
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10. How to Purify Polluted Waters   
   
Section [X]  
   
How to purify polluted waters  
   
              Our advice, for using water which is briny or has some extra weight, is to throw in some 
of the potter’s clay (al-tin al-hurr)   finely crushed, and wait for the time when it is settled; it 
purifies the water and removes some of its briny taste or at least some of its heaviness. You must 
repeat the operation until the water is better. You can pour some of this water into a new pitcher; 
you can throw in a pinch of the potter’s clay; the water which drains from this pitcher will be 
pure; especially if you repeat the operation.  
   
              Sometimes it is sufficient, for making water potable, to fill an [earthen] vase which you 
carefully plug, and leave it in the shade; there are good chances that after a time, this water will 
be free of impurities.  
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11. The Seasons of the Solar Year  
Section [XI]  
   
The seasons of the solar year  
   
              God created the “channel” of the Sun following a circle whose one half is situated in the 
north, and whose other half is the south , since the year is divided like this, the points of the 
Earth have a certain latitude, in four seasons, as a way to allow the cultivation of the soil. If the 
Sun had its “channel” entirely situated on the plane of the Equinoctial circle, the cultivation of 
the soil would have been disadvantaged, because it would not have been any seasonal changes at 
all, which would have meant the latitude and the season would be perpetually in spring, in 
summer, in autumn or in winter.  Since it is winter which creates the compactness of the air, 
which leads to fog, rain, and snows, and in turn, to glaciers accumulated in the high valleys and 
on the slopes of the north side; it is the spring, the season when the sun returns overhead  , which 
determines the melting of the glaciers, feeding the springs and the aqueducts and also the 
[devastating] flood waters   ; the aqueducts allow the cultivation of nearby and the fields, which 
supply livestock with their sustenance; and it is the scorching summer which allows the maturing 
of grains, and drying of grass and straw, and it is autumn that allows [the maturing of fruits and ] 
that permits the renewal of the agricultural cycle. Thus, in the succession of four seasons, there is 
one point of this varied cultivation that we do not know.  
   
              So it is in springtime that water teems from the aqueducts and the streams flowing from 
the north [towards the south], since the glaciers originated there. As a consequence, if the water 
does not freeze in the air to metamorphose itself into snow, and without these high mountains 
where the snows are stored in vast glaciers, until the season where the sun makes them gradually 
melt, the Civilization whose beneficiaries we are would be carried away.  
   
              The great water courses are born in the “great latitudes,” regions where the permanent 
glaciers remain for the whole year, without diminishing. These regions themselves are not 
cultivable ; but in summer the scorching sun there melts the snows, the soil dries out, and the 
water becomes held and metamorphoses into pure air, but Providence makes it so that all these 
snows and ice, melting little by little, feed the currents of water which flow toward the cultivated 
regions. And once  the soil is deprived of the abundant humidity accumulated during the winter, 
the earth is greedy again for the rains until then, with the approach of winter, the snows begin to 
fall again.  
   
              If the wintry humidity continued the whole year, the soil would risk a disparity under 
the mass of of flood waters.  
   
              What is essential in all this is the metamorphosis, during winter, of pure air, turned 
dense (katif), into water, and in summer, become more held (raqiq), the water again becomes 
pure air. So the survival of cultivation and of livestock depends straightaway on a double 
metamorphosis: that of pure air into water, and that of pure water into air . This happens solely - 
and I have already said it - in the northern regions and zones, having a certain latitude  - latitudes 
exceeding those latitudes in degrees of the angle which the Ecliptical plane makes with that of 
the Equinoctial  - zones where the springtime lasts while the Sun is visiting the signs of Aries, 
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Taurus, and Gemini; where the sun is during the summer, visiting the signs of Cancer, Leo, and 
the tuft of Virgo; in autumn, the time where the sun is visiting the signs of Libra, Scorpio, and 
Sagittarius, and where the winter lasts during the time when the sun is passing through the signs 
of Capricorn, Aquarius, and Pisces.  
   
              As for the zones situated under the lower latitudes at the angle of Inclination [of the 
Equinoctial in connection with the Eclipse], there summer would last longer than three months; 
and as for those placed south of the Equator, they would be at maximum warmth when the sun is 
in the first degrees of Aries, or well within the first degrees of Libra; and the time there is most 
agreeable, when the sun is between the first degrees of Cancer or in the first degrees of 
Capricorn. These regions therefore have two winters and two summers, two springtimes and two 
autumns.  
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12. Examining Different Types of Terrain   
Section [XII]  
   
Examining different types of terrain  
   
              The best soil [where one can drill the aqueduct] is that which is neither too hard, nor too 
soft, and is clay-based (hurr-al-tin), with a sweet taste, and agreeable smell. If it is lightly sandy, 
this will be even more suitable for the circulation of water; [on the condition that there is] this 
original moisture, which naturally [gharizi] prevents clay from dissolving in water. Clay loses its 
natural moisture when it comes in contact with air, and it dries out. Reduced to this state, it is 
dissolved in water, before it re-solidifies [after it is deposited at the bottom of the water]. 
Consequently, in clay soils, it is necessary to avoid drilling dry an aqueduct either in the sub-soil, 
or in the open air; one has every interest in allowing a trickle of water in order to maintain 
humidity.  
   
              If it is to the air which one drills an aqueduct, or a channel in clay soil, it is necessary to 
prevent the drying out of the ground which would induce crumbling, as soon as the water is 
released. The prevention in such a case consists of allowing to flow, without cease, a trickle of 
water in the depth of the aqueduct or in the channel : this trickle of water will be big enough to 
maintain the original humidity of the clay, but not so much as to interfere with the work of 
drilling. This important point is unfortunately ignored and neglected by the majority of well-
diggers. They dig just about everything under dry conditions, and it is only when the aqueduct is 
entirely drilled in a dry soil, downstream, that they think about digging test wells , upstream, in 
the zone of the springs. So, what happens? Well, certainly, subject to the influx of water, the 
edges of the dried out part of the aqueduct crumble gradually and obstruct the passage of the 
current.  
   
              The man who has enough foresight to avoid these grave problems, should begin from 
the very first by drilling his aqueduct starting upstream, on the side of the inflow-wells (al-
kumangah), in digging a little towards downstream, a little towards upstream or the source, in 
order to be certain of having for his use a trickle of water which which to moisten the section 
downstream, which is dry; this way, the original humidity of the clay soil will be maintained.  
   
              This precaution is obviously pointless when the aqueduct or the channel are going to be 
drilled in hard terrain. The firmness itself of the sub-soil will guarantee, then, the good 
preservation of the aqueduct. The ideal terrain for an aqueduct is a [clay] soil mixed with a bit of 
gravel and sand.  
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Section [XIII]  
   
Containing five paragraphs of five different points  
   
[A]  
              The Ancients recommended that to determine whether ground contains water, one must 
take a semi-spherical bowl made of lead, copper, or ceramic, and place a bit of wool coated with 
wax, cover it again with a leaf, and put the bowl upside-down in a hole dug 3 cubits deep, and re-
fill the earth all back over it; leave it like that all night, then retrieve the bowl the next morning, 
before sunrise, and examine the wool; squeeze it between the fingers.  If a few drops of water 
come out, it is because the sub-soil here contains water.  As a measure of precaution, one may 
first light a fire in the hole in order to dry it out and leave it that way, then, for the said bowl, for 
a whole day and one night. If, on the next morning, one discovers traces of moisture in the wool, 
one may be certain that there is water in that ground.  
   
[B]  
              If the ground under examination is already riddled with caves or with abandoned wells, 
in order to know whether there is water in that sub-soil, it suffices to take a ball of wool, well 
dried, soak it with oil, and with a string, suspend it to the depth of one of these cavities, without 
letting the wool touch the walls; pull it back at the end of three hours [before day break] and 
press it between your fingers; if drops of water drip out, there is water there in that sub-soil. The 
absence of drops of water will indicate an absence of a water source. As a measure of precaution, 
it is well worth it to leave the wool suspended there for a whole night. In place of the wool, you 
can take a piece of what the Persians call “cloud” [that is the designation for a sponge] ; this test 
will also give an even better result.  
   
[C]  
              It happens frequently, after a big earthquake, that some unknown springs see the 
daylight;  [that some known springs disappear, or] they displace themselves from one spot to 
another spot.  The reason for this is the veins of hard rock in the sub-soil where water flows from 
the source. Now, caused by a large accumulation of vapors that are trying to escape from the 
depths of the earth, the earthquake smashes the hard rock at multiple spots. As a result, water 
rushes through these new fissures which are the closest to the Center of the Earth, and departs 
from its previous course.  
   
              At other times, by contrast, having smashed the walls of its prison, these [seismic] 
vapors release a pent-up layer of water into a pocket of this water, having finally found an outlet, 
the water springs forth at the surface. This phenomenon has been observed numerous times. I 
would add however that this is not the product of ground made up of ["barriers"] dissimilar to 
rocks; rather, in ground that is uniformly made up of the same sort of earth, the earthquakes do 
not change very much for the springs and existing channels, sometimes this is the occasion that 
decreases their rate of flow, and othertimes it increases their rate of flow . Indeed, it is the same 
underground, that there are running waters and blocked waters, just as there is air that is 
accumulated and imprisoned. Because it arrives with such force and it is accumulated there, it 
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breaks everything when it finally escapes from its prison. These are the causes of the small 
earthquakes (al-ragfa) and also for the great earthquakes (al-zalzala).  
   
[D]  
   
              Certain [authors] have maintained they know how to draw from the depth of a well with 
leaden pipes, attached to each another, and as high as the well, so the water then flows from the 
mouth of the well, the lower entry to the pipe being cement and being fitted to a hole made in the 
rock that hangs over the underground water layer.   
               
              This is not possible except under the following conditions:  
   
              [One knows] that left to its own devices, far from seeking to ascend, water always flows 
down towards the Center of the Earth; and as for the ascent of water into the pipe of the Cup of 
Equity (a prophetic, self-filling chalice of righteousness) this has by the way its descent and is 
situated at a point lower than that which fills it. It is the same with water that rises in the tube of 
curved glass [of the siphon]  as it is sucked through one end, to flow out of the other end; here 
again, water descends from one level that is higher, flowing into a lower level. It is thus normally 
impossible that the water would rise on its own and gush from the bottom of a well or basin, 
except when the origin of its source is higher up than the place where it gushes out.  
               
              As for the rising of water in the aeration shafts of an aqueduct that is blocked by a series 
of cave-ins in part of the tunnel, this water will not overflow through the aeration shaft because 
of the following reasons: in every subterranean aqueduct linked to a powerful source, the force of 
the current will run in proportion to its distance from the source; the height of the water, in such 
a case, will sometimes reach 25 cubits inside the wells [to experiment], and sometimes lower 
[below this level]; it is thus probable that the tunnel of the aqueduct has crumbled in certain spots 
and this is what is obstructing the channel; in this case, the waters accumulate in the higher 
section of the aqueduct, and seek a level which is as high as their source; thus the water 
overflows and gushes forth from the aeration shafts. In principle, water does not gush to the 
surface except when its source is situated at a level higher up. This is the phenomenon which we 
can observe in the case of fountains.  I have seen them gushing very high in their basins, and I 
have observed isolated springs whose water, channelled thanks to a conduit made of stones 
cemented together with lime-mortar, spurted with great force and went to irrigate fields which, 
without which, would have stayed unfarmable. Yet here, this was because the source was 
situated even higher than the level at which the water flowed out.  
   
              Consequently, water does not raise itself up from the depth of a well, and does not gush 
to the surface, unless the source is situated very high up.  The contribution of craft, in such a 
case, consists very simply of channeling water in a leaden pipe. This type of fountain is rarely 
seen. When we see one, the good technique consists of cementing the bottom of the well, all 
around the millstone of a mill pierced by a small hole, in which having been adapted to the end 
of the leaden pipe and properly cemented; anyway, the leaden pipe, as long as the well is high, 
should be cemented on the exterior with a mixture of clay and lime. The water will gush through 
the higher end of the aforementioned pipe : This is therefore nothing more amazing than the 
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spurting fountains [al-oyun al-mutafaggara]  , natural sources which one can observe in certain 
mountains. In both situations, the reason is the same.  
   
   
[E]  
   
              The Ancients issued the following opinion: when the source of a natural fountain is 
retained by hard rock, you will get more water at the end for irrigation, if you drill said rock at a 
level that is lower than that of the natural fountain; but this is not recommended, as said, when 
the rock is soft, because in such a case, the source risks being lost (absorbed) into the sub-soil.  
   
              They issued this opinion because every gushing source flows with more force at a nearer 
point to the Center of the Earth than at a point that is less near to the Center. These natural 
sources which one sees gushing in the mountains are necessary to channel through hard rock. 
Because every source with an outlet flowing from hard rock spills out, in being released at the 
source; it never spurts out in a fountain. Thus, if you see a source spurting out of soft rock, this is 
because this is only a surface layer of rock, but in the depth the water is necessarily continuing in 
a girdle of hard rock. If then you drill the soil below such a source, you can reckon that it will 
have a much greater flow, than the source of a fountain. It is different from a fountain because 
the drilling renders its later course useless. Indeed, in the mountains, the sources have their own 
network (huruf) supplying them always in the hard rocks; because if the drilling breaks through a 
wall of their resting place, filtering through the fissures, the water will come back down towards 
the bottom, instead of climbing back up to their previous point of outflow.  
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Section [XIV]  
   
Delimiting the zone of a qanat and its wells according to Islamic law  
   
   
              Mohammad ibn al-Hasan  writes, following Abu Hanifa  [Hanifi school of thought] that 
whoever has dug a well, on land whose owner is not known, duly provided with an authorization 
by the Muslim State (al-Imam), the well belongs to him, with a harim (protective zone) of 40 
cubits (about 20 meters’ radius), but, as regards the subterranean aqueduct, the harim (protective 
zone) should be 500 cubits (a band of 250 meters all along it); and it follows that whoever has 
dug a well on terrain free of owners, without being provided an authorization by the Muslim 
State, the well does not belong to him, it will no longer have any right of to a harim (protective 
zone).  
   
              But the qadi Abu Yusuf  has advised that, from his point of view, authorization from the 
caliphate is not necessary for any man to become the owner of a well, who has dug it.  If it is to 
water herds of livestock, this harim  should be, he writes, about 40 cubits; if it is a matter of 
irrigating a field, he has a right to a harim of 60 cubits; but if it is a matter of a subterranean 
aqueduct, he has a right to a harim of 500 cubits, and, in none of these cases is the authorization 
of the State essential.  
   
              Thus, he has the right to block a third party from digging a well, from farming, or from 
building in the zone which he made part of his harim protective zone. And if a third party 
encroaches on this Harim and the well or aqueduct suffers for it, of whatever this is, this third 
party is liable to compensate the owner for his loss.  
   
              And if, provided with the authorization of the State, a third party digs a well outside of 
the harim protective zone, and has a reason to think that this water is going to dry up the older 
well, the second owner does not owe damages to the first (this is the opinion of the qadi Abu 
Yusuf) who gave this opinion and stated: even if someone drills an aqueduct without 
authorization of the Muslim State and uses the water from the aqueduct to irrigate the fields 
carved out from fallow lands (meaning: lands without any trace of prior cultivation), he has the 
simultaneous benefit of the harim around it and of his own aqueduct and also of owning the 
fallow lands.  
   
              Still following the qadi Abu Yusuf, if two people form a partnership to dig a well,  in 
putting their agreement (in writing) that the first should have ownership of the well and the 
second, that of the harim protective zone of the well, dividing the shares of this agreement is 
prohibited.  
   
              If a man owns a water course passing through the middle of a field that belongs to 
another, and the owner of this channel wants to pass through the field of his neighbor to go and 
repair his channel, his neighbor cannot prohibit his access, unless it is possible to first pass 
through to the water course himself. The owner of a spring, of a well, or of an aqueduct, cannot 
otherwise enjoy the right to pass through the field of his neighbor.  
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               And Al-Hasan al-Basri  reported an order of the Apostle of God - My God, transmit to 
Him and to His Bloodline our tidings! - who declared: “Whoever comes to dig a well,  the harim 
protective zone of his well shall be within a radius of 40 cubits, if it is a matter of a watering-
place for a herd.” And Al-Zuhari  cites the Apostle of God - My God transmit to Him and to His 
Bloodline our tidings! - who ruled that the harim protective zone of a spring shall be 500 cubits 
(250 meters) ; that of a well serving as a watering hole for a herd, at 40 cubits, and that of a well 
serving to irrigate the fields, at 60 cubits.  
   
              And (the Qadi) Abu Yusuf reports having questioned (the Imam) Abu Hanifa - may God 
give absolution to both! - on the topic of a channel belonging to such a man and passing through 
the middle of a field of another, a channel that was protected by a dike (musannat) ; each 
claimed for himself alone the ownership of the aforementioned dike; without being able to judge 
by possession, who of the two is the effective possessor. (The Imam) responded, says Abu 
Yusuf, that the dike belongs to the owner of the land; he can plant there what he likes, because 
the owner of the channel has his interest there.  
   
              Nevertheless, Abu Yusuf and Mohammad (ibn Al-Hasan) advised, as for these, which in 
the case of the dike belonged to the owner of the canal, since they raised it along with the land, 
raised from the bottom of its channel, in digging it, he threw it back on top of the harim 
protected zone of his channel.  
   
              In his al-Mokhtasar, Abu Ga’far al-Tahawi  reports this opinion by Abu Hanifa, 
following which none has the right to clear the ground [which has never been cultivated] , 
without the express authorization of the State, and none can claim ownership of a similar land 
that is duly furnished with a title of property conferred on him by said State.  Abu Yusuf and 
Mohammad (ibn al-Hasan) are against the opinion that, whoever brings under cultivation a 
fallow land [without an owner], this belongs to him who by the simple act of clearing the first, 
without having need of authorization from the State. And according to these [two imams], the 
side of a channel, where the earth has been mounded up and thrown over from the bottom of the 
channel, in the process of digging, counts for the harim protective zone of the aforementioned 
channel. They say that whoever has dug in a fallow field a well to water his herds, the land 
within a radius of 40 cubits surrounding the aforementioned well belongs to him as a harim 
protective zone; unless the rope for drawing water is not longer than 40 cubits; in a similar case, 
the harim protective zone should have a radius that is the same length as the rope. The harim 
protective zone of a well that provides irrigation, say these two [imams] should have a radius of 
60 cubits; and even here, if the rope is longer than 60 cubits, it is this which will give the 
measure for the radius of the harim protective zone for the well. And whoever has dug, say the 
two imams, a spring (‘ayn) in a fallow field (under cultivation for the first time) his harim 
protective zone will stretch across a radius of 500 cubits.  
   
              Among the rare [decrees] of the [Prophet, reported by] Hisham  there was this: of a 
spring gushing to the surface of the ground, the harim protective zone is about 500 cubits. This 
traditionist had said that when someone had dug a well, or drilled a subterranean aqueduct, on his 
own land, but within proximity of another well, where another aqueduct, of the sort whose water 
more or less dries up the old wells or the old aqueduct and comes to increase his flow from 
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theirs, he may not claim any restitution from the injured neighbor, since he has dug on his own 
land!  One may query him: and what did you say in this case here: someone drilled a 
subterranean channel in a fallow field; another came to drille a new one, not far from the old one; 
and between the two subterranean aqueducts there is more than 500 cubits of distance; and in the 
meantime the new aqueduct captures water from the old aqueduct. This is [religiously] 
prohibited, he responds, [because the spirit of the decree] is not to damage the nearest one in the 
interest of that which belongs to him; every owner of an aqueduct is established to prohibit to 
whomever drills a new aqueduct in the harim protective zone of his own.  
   
              And Hisham  is said to have questioned Abu Yusuf about a well belonging to a 
foreigner, but situated in the yard of a house of a given family.  Is there a similar well to a harim 
protective zone? - Yes, he responded: right here where the well-digger rejected the ground 
extracted from the well! I have, said Hisham, questioned Abu Yusuf, anew, in order to know 
whether it is necessary to remove the dug-up earth, to remove it to somewhere else, further away 
- This would be preferable, he said. At that time, I asked him if the master of the house had the 
right to dig a new well in his yard, next to that of the foreigner, knowing well that this way he 
would capture water from the old well?  He responded: I would not counsel him to abuse his 
rights. I said to him: in the case of a trial, would a [good] judge decide differently?  No, he 
responded.  
   
              Such is the Islamic law in the matter of wells, the subterranean aqueduct, and their 
harim protective zone. I forgot to report that this is said about a harim protective zone of the well 
in connection with cesspools, when the two are found in the same yard. The distance between the 
two must be 5 cubits according to some, 7 cubits according to others. But all say that this 
distance ought to be sufficient for the raw material not to alter the well water in any way.  
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Section [XV]  
   
Discussion of the width of the harim [protective zone] for a qanat  
               
              I would like to discuss the nature of the rock in the function of the harim protective 
zone. In my opinion the harim protective zone of a qanat extends through all the parts of the sub-
soil whose waters flow towards the said aqueduct, and which is the function of the rocks 
constituting the said sub-soil. I will discuss this point to the degree which my knowledge shall 
permit.  
   
              I would say, then, that is is impossible to demarcate a harim of a drilled aqueduct in 
land whose sub-soil is invariably permeable, both in length and in width, in its great size. This is 
the case [for example] of the soil in Chaldea [Iraq-Mesopotamia], where the level of water in the 
wells rises and falls at the same time that the waters of the Tigris or the Euphrates do. Thus, in all 
the homogeneous terrain of the Mesopotamian soil, it is useless to demarcate which is the harim 
protective zone of an aqueduct,  since the waters there flow everywhere, from the East to the 
West, not to speak of that same base, when it regards a deep aqueduct.  
   
              As for karez (qanat subterranean aqueducts) drilled through a steppe overlooked by a 
chain of snow-covered mountains and fed by the water which slowly flows through the sub-soil, 
from the glaciers, when one digs in such a soft and porous soil, and lacking in deep original 
waters (ma’ asli), a karez (qanat) which starts at the foot of the chain of mountains, it is evident 
that all along the channel, no other water will come to add itself to this mountain-water.  [Let us 
suppose] that the aqueduct has 500 cubits of harim protective zone on each side. Because, if a 
neighbor drills another aqueduct parallel to the first, also having a harim protective zone equal to 
his of 500 cubits on each side, between the two aqueducts there will be 1000 cubits of distance.  
This is very well, if the two aqueducts have their respective depths at the same distance from the 
Center of the Earth, but not if the level of one is lower than the other. Indeed, if the first aqueduct 
follows alongside the foot of the mountain chain, the whole side which separates it from the 
chain should be considered a harim protective zone, it doesn’t matter how wide; whereas on the 
opposite side, it does not need to have as large a harim protective zone.  Thus, one who will drill 
a new aqueduct at the same level as the first, [beneath] and parallel to the first, in allowing just 
40 arm-lengths (osmar) distance between the two , the owner of the old aqueduct will have no 
need to complain, because the source of his aqueduct is assured, simply by its side facing the 
mountain chain. Unless, however, the new aqueduct does not has a lower level than his, because 
in such a case, it is clear that the new aqueduct would capture part of the older one’s waters.  
   
              Thus, on such a matter, the qadi cannot decide a dispute until he has consulted an expert 
[geologist] who knows the terrain and rocks (‘arif bi al-turab).  
   
              And in terrain of hard soil (meaning impermeable) the aqueducts which do not have 
need for a harim protective zone as wide as in a soft soil (meaning permeable). Indeed, the 
harder the soil, the less wide the harim protective zone of the aqueduct will need to be. [A 
minimum of] 40 cubits will suffice, as a distance between the two. The demarcation will depend 
on the expertise of a geologist (al-ragul al-‘arraf bi al-turab). And he will decide by conjecture 
Appendix B.  Karaji’s Treatise on the Extraction of Hidden Waters  228 
 
  
15. Discussion of the Width of the Harim [Protective Zone]for a Qanat   
and by approximation, because it is not possible to decide in a rigorously exact way, because the 
constituent rocks of a sub-soil can vary amongst themselves.  
   
              To back this up with what I am going to say, I would add here some cases by way of 
example. I have observed an immense and arid steppe, where there cannot be water in its depths; 
but I have seen here, in the upper part of a small plateau [which overlooks the steppe] a certain 
number of wells where water is located near to the surface!  And a man in whom I have total 
confidence told me of having drilled an aqueduct in this steppe, until there was a vein in the sub-
soil that was very rich in water. Delighted by the abundance of this water, the man drilled 
another aqueduct, further away from the first, but parallel to the first. And when they finally 
reached the vein, all of a sudden the water stopped flowing in the old aqueduct, none flowing 
more than in the new. With these equal surprises, due to the extreme variability of the sub-soil, 
all demarcation is reasonably impossible. God alone knows which aquifers and which veins He 
created under the surface.  
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Section [XVI]  
   
(Still) more about the harim [protective zone]  
   
              I have reported all that Islamic Law prescribes on the subject of harim protective zones; 
because it is preferable to have such, here where there is not any other law. But one should not 
restrict oneself to it, and one ought to take into account the extreme variety of rocks. Let us 
examine this to the extent that is possible.  
   
              Thus, I have said that there is already an aqueduct drilled in free land and that one 
decided to drill another, by allowing 1000 cubits of distance in between the two, it is evident that 
(as far as the law is concerned) it is not permitted for the owner of the first aqueduct to forbid the 
drilling of the second; on the condition however that the two water courses have the same level 
and their respective depths, irrespective of the position of the mountains which feed water into 
one and the other, and without taking account of the nature of the sub-soil. But if [the owner of 
the older aqueduct] wants to know if this one who is undertaking the drilling of the new 
aqueduct, respecting or not the harim protective zone, allow him to drill right next to his source-
wells (al-kumanagah)  up until the water. In this way, you will see what is the level of his water, 
above or beneath your own. If it is higher up than yours, you cannot prohibit his undertaking, 
because it is visible that the water from your source will not contribute to his. But it is a different 
matter, if the level of his well is lower than yours; because in such a case, his source will take 
water from yours.  
   
              And if the two sources are at a level, trace out on the terrain at the height of the two 
sources a straight line intersecting at a right angle to the flow of the two aqueducts; find the 
midpoint of that line and right there, dig down until you hit water. If the level of the water of this 
well is above or below the same height for the two sources, this proves that the new source does 
not capture water from the old one, because in a uniformly constituted terrain, water from the 
sub-soil is at the same level  in all the wells and in the place where the two wells are not at the 
same level, the sub-soil is necessarily compartmentalized by barriers [which are impermeable to 
water].  
   
              As for the level of water along the [communal] springs it is never the same, [and 
besides], this is what permits the capture of water in order to exploit it. So if the level of the new 
spring feeding the aqueduct  is below the level of the old one [no longer here] the owner of the 
older aqueduct does not have the right to prohibit his neighbor from drilling a new aqueduct 
since the waters of the first and the second sources stay above those of the intermediary well; and 
so this last one is not situated in the harim protective zone of either one of the two.  
   
              And if the water of the intermediary well is at the same level as those with the two 
competing sources, dig another well on the same straight line; if its water is not at the same level 
as the other two sources, you do not have the right to forbid your neighbor to dig his aqueduct; 
but if this water is at the same level as the other two, you can demand that he provides for a 
harim protective zone of 1000 cubits (500 meters) between the old and new karez (qanat), 
allowing 500 cubits of harim protective zone for each of the two.  
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              In a case where the new aqueduct won’t have the same level as yours, you are well 
founded, in my opinion, to defend the drilling if the other’s level is lower than yours, and without 
an intermediary well to compare the level of the other’s water with that of your source.  
   
              If someone drills an aqueduct in a steppe where there already exists an owner with 
whom a dispute could arise regarding the harim protective zone, here again, expertise will 
consist of that which I have just recommended -- dig a trial well between the two wells, and 
measure the levels of water.  
   
              By “whether the two waters are at the same level,” I mean, if the levels are the same 
distance from the line of the horizon. If they are not the same level, the difference may be 
negligible; not restricting oneself to count, except when there is a measurable difference.  
   
              Finally, no one has the right to encroach on the harim protective zone of another to till 
the soil there, or to build anything. Both the harim protective zone of a small channel [saqiya] 
and of a large channel [nahr] is marked, on both sides, by the surrounding land where one has 
thrown up the earth in digging, in the process of drilling. This depends of course on the 
importance of the mentioned channel, the maximum harim protective zone in which case would 
be fixed at 7 cubits (3.5 meters).  
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Section [XVII]  
   
Ways to get through natural obstacles hindering the drilling  
   
[A]  
   
There are four physical obstacles which will hinder the drilling:  
1] resistance of the rock;  
2] vapors [bukhar]   
3] the crumbly or powdery quality of the soil;  
4] a current that is too swift, because of the slope.  
   
              One gets through a very hard rock by tackling it with a pick-axe (fittis) ; by crushing it 
(midaqqa) or by splitting it apart with a miner’s pick (al-mi’wal), when the rock is tender or 
when rock appears in a well, half-way down.  Anyway, the presence of rocks is a guarantee 
against a cave-in. Inside the rock, wells are dug with a free-stone pick-axe.  
   
              One can move a rock, and light a great fire of wood which will give off plenty of heat, 
such as the Saxaul  [Haloxylon ammodendron], the oak, the Gall Oak [quercus lusitanica, al-
‘afs] or the wood of fruit-bearing trees.  One can pour some naphtha on it, if possible, and keep 
up a continuous fire.  
   
              A rock, of any sort, is less hard when it is in the sub-soil than when it has been exposed 
to the air and sun for a long time.  And conversely, all rocks will be softened if they spend some 
time buried under ground.  
   
              If you are drilling your aqueduct in soft rock [having arrived at a hard blockage, which 
you can go around], dig at its base a big hole, where you can move it with the help of levers (bi 
al-i ’timadat) thus clearing up your tunnel.  
   
              When [on the contrary] it is the crumbly and dusty nature of the ground that hinders 
your work, in many cases it will be: either the ground is not crumbling like sand, or it is the 
tunnel which is going to be crumbling all the time, or it is ground that is too hard and dried, but 
crumbling as a result of water that dissolved it and caused it to collapse. Or you are drilling 
ground that is a little too firm.  
   
              So, when you drill a tunnel in the sand - especially if you are digging a well in the sand - 
and this is very often what is brought on by digging in sandy plains (al-falawat al-ramliya) 
where the stratum of sand is not thick, you can build thick boards, on frames similar to brick 
mills, each frame the same width as the well; they should have their lower entry a little wider [as 
a way to fit them together], from the top of the well to its bottom. Your well-digger should 
reinforce this form-work with a siding of masonry: made of either bricks or stones.  
   
              He will place the first framework at the place where he wants to dig; he will extract the 
sand [until his framework fits into the pit], he will place another frame over the first, and 
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continue to extract the sand from the center until the second one has been set equally well into 
the ground. Prepared iron latches for the inside of these frames permit him to reattach them 
together so that they do not move around. He puts the third framework inside the second, extracts 
sand from the middle; this one he will also sink into the ground, reattaches it to the second one 
with the iron latches (dabbat al-hadid), which he will lock in place after the second, and then he 
continues like this until he hits rock. Then he will cover up the formwork with white or green 
bricks  [colors according to time fired in kiln], thickened with lime.  Having done this, he digs in 
the rock to the desired point. The water is, in principle, very rare in the felat [sand basins], it 
infiltrates into them, towards the bottom, in crossing through sand. But under the beds of the 
wadis, under the sandy bottom, there are frequently water sources.  
   
              In case the wells are at a shallow depth, instead of the wood-frame, it is possible to use 
terracotta pipes of the same width; this way the worker will not need to add a layer of bricks, as 
in the case of the wood-frames, since eventually the wooden boards will rot, whereas the 
terracotta is resistant; especially if it is from sweet potter’s clay, otherwise it will also end up 
crumbling, eventually.  The best pottery is made with potter’s clay that is carefully cleaned, by 
washing it, of any sand that it may contain.  
   
              As for the aqueduct tunnel, drilled in a sandy sub-soil or in a very crumbly rock, this is 
work that presents numerous difficulties. Almost always, the expenses incurred far exceed the 
expected profit. Nevertheless, if the calculation proves that there will even be a profit, all told, 
one will decide to dig a well for extraction [saqiya] wide enough to go down into it. [To retain 
the earth] one should use the wood-frames of which we have spoken, frames as large as the entry 
of the well. Cover this with bricks, if the length of the work does not tip the balance in favor of 
controlling costs.  This is how to proceed [to cut through the layer of sand]. Fortunately, you will 
not encounter this type of terrain very often in our Fourth Climate.   
   
              To avoid the collapse of a rotten sub-soil [al-tin al-‘afin], proceed in the manner of the 
well-diggers [al-qanna’un] of Isfahan who use pipes that are 5 spans long, 3 spans wide. In 
digging their tunnel under such a sub-soil, they have often resorted to using wooden 
reinforcements to retain the earth, but they put down the pipes as they went along with the 
drilling of the tunnel . This is an extremely onerous type of work for the worker, demanding 
great care on his part.  
   
              If you drill in a sub-soil that is sandy, but a little crumbly [it does not require pipes, but] 
it is necessary to build [a channel] with bricks or with stone, 3 spans wide at the bottom and 2 
and 1/2  spans at the top, to establish a connection between the two walls. Cover the two walls 
with slabs of stone, above which cast out some of the earth that will not budge any further.  In 
the absence of slabs of stone, join together the two walls in a gothic arch.  
   
              Obviously, instead of this you can use the wide pipes of terracotta of which we have 
spoken.  
   
              The work should be done [as much as possible] in a straight line so as to permit the 
current to flow very gently in an even flow, without ever running into obstacles, which would 
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cause the water to be stagnant. Not only will it be difficult for the well-digger to clean out the silt 
from a part of the aqueduct where there is stagnant water, but again such a channel is likely to 
get blocked up very often. And besides, it is always necessary to clean out such a karez of the silt 
that accumulates there.  
   
              This is what surpised me the most in Isfahan [in fact the mistakes of the well-diggers] 
which is that there I saw pipes used with dents and equipped with extremely bothersome edges 
for the worker who must enter them to clean out the silt; otherwise these bumps would bring 
about the stagnation of water, filling up with mud.  
   
              [There I also observed that] to clean out a section of aqueduct, one was obliged to set up 
two dams at the two ends of the aforementioned section and then to draw out the stagnant water 
with the aid of a pump  lest the maintenance worker who descends there suffer the risk of 
drowning! But here where the pipes are laid according to our directions, the well-digger can 
descend without encountering there any one of the drawbacks that one indicates.  
   
               
[B]  
   
When vapors [bukhar] hinder the work  
   
              The appearance of vapor [bukhar] in the subterranean aqueduct, wells, and pipes is due 
to three reasons: sometimes it is due to the very great depth of the wells, or to the extreme length 
of the tunnel; sometimes it is due to the putrid nature [fasad] of the underlying sub-soil [or also 
when the aeration shafts have been blocked for too long, allowing the vapors to accumulate in 
there. As for the putrefaction of the soil], it is due to the presence either of sulphur or of naphtha, 
or of bitumen, or of any other substance  that emits vapors .  
   
              In principle, all sub-soil where a lit lamp goes out by itself is under the threat of vapors 
[bukhar], the vapor expands the most around midday. And the lamplight which resists the vapors 
[bukhar] the most are the ones made of beeswax, wild boar’s lard, beef tallow, mutton fat, and in 
very last place, olive oil or linseed oil. [You should avoid, in the subterraneans, lighting your 
lamps with petroleum , because] naphtha already emits plenty of vapors [bukhar] by itself.  
              I have read in the ancient works that the light which emits the least vapor [bukhar] is the 
one with olive, and in second place [alone] that which suffuses beeswax.  
              As soon as the well-digger whiffs the presence of vapors [bukhar], if it is not too strong, 
he should put in the pit, on the edges, some vinegar or also a slice of Spanish  melon, if it is in 
season; and if this precaution doesn’t decrease the vapors [bukhar], he should dig a second pit 
alongside the first one and create a passage between the two, putting them into communication.  
Or he could also make, out of leather, a wide spout like the sheath of a javelin - or a little 
narrower than that - but as long as the depth of the pit; he can lower it into the pit, one end at the 
entrance of it and the other end hanging into the pit. The mouth of the spout should be fitted with 
a blacksmith’s bellows, and an apprentice can blow pure air through the spout, during the whole 
time that the well-digger is working underground in the tunnel : this is a strenous way to chase 
away the accumulated vapors [bukhar] in the bottom of the aqueduct .  You can also arrange the 
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length of the well with [square] nooks, where the well-digger can take up the bellows before 
going to the depths.  
   
              A sweet soil, with an agreeable odor, does not produce vapors [bukhar] except at a very 
great depth, because these do not emit from any other soil except those that are putrid.  
   
              I have heard talk of herds of sheep that have been suffocated, deep in their lairs (asrab), 
which serve as their stables during the extreme cold of winter, due to the strong odor of manure 
which had accumulated there. And I have heard talk of deep wells, with long tunnels, which are 
absolutely clear of vapors [bukhar] for the reason that the sweetness of the soil is clear of any 
putridity.  
   
              As for the subterranean aqueduct whose air ducts have remained blocked for a long 
period of time, in order to spare them from ruin, the well-digger should unblock them several 
days before descending into them to clean them out.  
   
              Food for the well-digger, before working down in the tunnels where it is possible there 
may be vapors [bukhar], should be particularly pure: therefore he should abstain from 
condiments like garlic, onion, and all foods with a disagreeable odor .  
   
[C]  
              If there is a powerful outflow, or force of the current, because of a pronounced slope in 
the aqueduct, which hinders the well-digger, he should dress himself in a smock of tanned calf 
leather that is waterproofed with liquefied ox-tallow.  He can protect his head and face with a 
hood of the same material, outfitted all around with a wide brim, preventing the water from 
wetting his face and his neck. The brim of the hood (qalansuwa) should be wider than the 
neckline of his smock.  
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Section [XVIII]  
   
Water supply in permeable terrain, using pipes  
   
              In using pipes to supply water, one has two possible aims: a) to prevent water from 
getting lost on its way through the channel; b) to safeguard against impurities which might 
pollute it. This is what always happens when the channel is more or less at the surface of the 
ground, and crosses through inhabited land.  
   
              I will say, for a start, a word about the material and shape of the pipes. A good pipe 
should have one opening a little wider than the other, just enough so that, when you fit together 
two pipes, the narrow opening of the first pipe will fit about two fingers into the wider opening 
of the second pipe. And in principle, the length of each pipe should be about 4 times the diameter 
of its wider opening. It is also preferable that the pipe should be as long as that, because the 
channel will not be as waterproof and will not last as long.  The ceramic must be less thick on the 
narrow side and more thick on the wider side of the pipe.  Moreover, the pipe should be 
sufficiently (cylindrical and) straight and should be made of sweet potter’s clay (tin hurr) and 
well cooked in the oven.  Potter’s clay does not create solid and durable ceramic unless it has 
been sifted and washed of the gravel and sand which it contains.  
   
              Before setting the pipes in place, it is necessary, provided with a cord that has been 
made taut, to properly level the bottom of the trench or of the tunnel, in a way that does not leave 
high points nor low points, nor any curves (i’wigag) ; but it is necessary for the downstream end 
to have a very gentle gradient in connection with the upstream end.  It is necessary to arrange the 
pipes in the same way as the water current so that the water enters through the wider side and 
exits through the narrower side.  Before putting 2 fingers in the small end of a pipe and 2 in the 
big end of the other, daub the edge of the pipe with the cement whose composition is given 
below.  Use the same cement to coat the exterior joint of the two pipes when they are joined 
together. And every 100 cubits, make an air duct so that you do not feel suffocatd there!  Once 
this piping is accomplished, wait at least 3 days before releasing a moderate stream of water.  
   
              Before laying the pipes, it is preferable to coat the inside of the pipes with liquid beef 
tallow, or with olive oil, so they are completely water-tight. And once the pipes are well situated, 
wrap them up with clay (tin hurr), in so doing, giving care not to leave anything exposed, neither 
beneath nor above, nor on either side of the piping.  
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Section [XIX]  
   
Recipe for cement to bond the joints of the pipes  
               
              For this work, take a stone of moderately cooked lime and top it with a little bit of water 
and, once the lime crumbles [and cools], sift it fine, and at the rate of 12 man [units?] of de-
activated [slaked] lime, add 1 man [unit?] of oil, of melted butter, or of another substance of that 
type - olive oil is among the best.  Or, kneading this lime with some milk always gives an 
excellent result. For a small quantity, to use as you go along, throw some lime in a big mortar 
made of stone,  pour the oily material into it bit by bit, drop by drop, and vigorously mash it with 
a wooden pestle.  The paste should be used as you go along, as soon as it is ready, without losing 
any time, because otherwise it will harden and become unusable.  If you knead the lime together 
with eggs, it will not be as strong. In principle, the more fat you add, the better the paste will be.  
I have read in an ancient author that the cement acquires a better quality if you add a very small 
amount of vinegar, mixed in a little bit of water, when you mix it in.  One author recommends 
adding some iron-rust (khubth al-hadid), ground into a powder, sifted, and combined with edible 
egg whites, for waterways and for fissures that occur in pools, basins, or cisterns.  
               
              In this case, it is good to keep adding some water to the lime; but to grind it, sift it fine, 
and only knead it with some oil.  Use the paste as soon as it is done, it will not get any better.  
And it is this very paste which is suitable for repairing porcelain, and ceramics in general .  
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Section [XX]  
   
Water supply in permeable terrain, without using pipes  
               
              If the channel’s soil is permeable, you can make it watertight by lining its walls with 
wide bricks laid with blue cement : this is a blueish lime upon leaving the oven, because it is 
mixed with a very small quantity of ash. Pulverizing this blue lime with the help of an iron 
sledgehammer, (al-arzaba) completely and equally distribute it, all along the bottom of the 
sluice, and immediately lay above that a paving of bricks.  [Another procedure: ] dig the bed of 
the sluice for a good cubit, all along it, in removing the permeable ground and replacing it with a 
bed of clay (tin hurr) and pack it down by hammering it with an iron sledgehammer; and re-
make the edges of the sluice, with the same clay, in the shape of an embankment, in such a way 
that the current passes completely through the clay itslef.  And you must ensure that the clay has 
not yet lost its original moisture and it should stay fresh so that the water does not delay in 
bathing it.  For this purpose, the best clay is the one that is mixed with large-grained sand and 
gravel (al-raml al-garish).  If necessary, mix with finely ground gravel.  The Ancients used to 
use, moreover, fresh manure, and de-activated [slaked] lime and sand, in equal quantities, all 
very well mixed together, equally distributed and packed down, with an iron sledgehammer, and 
immediately releasing the water, then and there.  Such a soil eventually takes on the consistency 
of rock.  This should not come as a surprise, since the “deposits” (al-lazub) of the water in 
aqueducts turn hard like mortar, creating quite a nuisance for the well-diggers, when they are 
cleaning out the aqueducts.  
   
              Some aqueducts are paved with sheets of stone. Wherever paving stones are used to 
cover the bottom of the aqueduct, it is necessary to lay them down using a mortar made with 
clay, sand, and lime.  
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Section [XXI]  
   
Instruments used for leveling the landscape 
 
 To do landscape leveling [in alignment], with a view to creating a water supply, requires 
finding the relative heights of places where the water should pass through. Here is one operation 
that makes use of the following instruments: 
!
 To this end, use a glass tube; [in old times,] one used a tube made from a reed or from 
wood.  This tube should be should be completely and perfectly straight, of one level, from one 
end to the other, inside and out; it should have the same diameter all throughout, the diameter of 
your ring finger. The tube should be one and a half spans long. 
 
 Then drill three holes through it, well aligned : one in the middle of the tube, the two 
others at the ends of the tube. 
 
 Now take two cords, each about 15 cubits long, of silk or linen, but well-warped, very 
smooth, without the least bit of unevenness that might hinder the operations. Following Figure 






 Instead of the tube, you can also use a copper tablet, or hard wood that will not buckle; it 
should be light, so it needs to be thin, but not flexible. It should have the well-balanced shape [of 
an isosceles triangle], supplied with two handles (‘orwa) each one at the edge of the base, 
fashioned according to a string passed through the ends parallel to the base [of the triangle] so 
that there is not a big gap between the string and the base of the tablet.  
 
 On this tablet [in the shape of an isosceles triangle] you should plot out the vertical height 
of a triangle, and very close to the point where the height reaches the base of the triangle, make a 
small hole, where you can attach a small pivot on which to hang a plumb line. This plumb line 
should be two inches longer than the height of the triangle, and made of silk thread. Its “lead-
weight” should be copper, and weigh 3 drahms [about 10g].  
 
 A cord of 30 cubits [about 60 spans] should pass through the two handles, along the lines 
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[Instead of this tablet], you could also use a simple double-pan balance, light, but not flexible. It 
could be as long as a span and a half, and the needle (the “tongue”) of the balance would need to 
be just as long.  The axis (mingam) of suspension of the double-pan balance would need to be 
precise. You could let hang from a plumb-line a weight of 5 drahms [about 15g]. The balance 
and its needle would need to be perfectly straight, to be correct. And following Figure 3, the 
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Section [XXII]  
   
About leveling the landscape 
 
 Take two rods, equally squared off, each one 6 spans [about 3 cubits] in length. We’ll call 
these girders. Each one should be carried by one man.  The first will hold one at the place of 
origin of the leveling, and the second will set his down at the next spot, at a distance of 30 cubits 
from the first one, about the length of the plumb line when it is moderately stretched, with each 
end attached to the top of one girder, these being set perpendicular to the line of the horizon.  To 
set that up, hang a plumb line from the top of each girder. 
 
 To do this leveling with the help of the tube, the surveyor should bring a bottle of water 
and a wad of cotton.  He should saturate the cotton with the water, and let a few drops fall into 
the hole in the middle of the tube. If this water drips at the same time from the two different ends 
of the tube, this proves that the places where the girders are set up are at a level, since neither is 
situated above the other. But if the water drips out of only one end, this indicates that the place 
where the water drips out on one end is at a lower level in comparison with the place associated 
with the dry end of the tube. 
 
 [How much lower is it? To measure this angle], ask the man who is standing on the dry 
side to gradually lower, alongside the girder, the end of the plumb-line, and at the same time to 
squeeze [all along the way], the cotton in the tube, until the moment where the water drips out of 
both ends of the tube at the same time. This will indicate that the plumb-line is at the horizontal, 
in that moment. [The angle of] difference can thus be measured over the girder where the end of 
the plumb-line has been lowered; measure it using a string that is as long as the gap between the 
top of the girder and the place where it is located at the instant at the end of the plumb-line : be 
sure to save this string.  The surveyor should tell this man who has the other girder not to move 
from that spot, and to the one who is next to the place where he is, to leave that spot and to go 
and position himself at a place diametrically opposed to the spot where he is, and to hold his 
girder perpendicularly, at 30 cubits, one length of the plumb-line, behind his co-worker. And to 
continue this operation, which should keep going in the same direction; but in the case of 
downward slope in the terrain, going in the opposite direction, the water should drip out of the 
end of the tube and you should measure the angle over the other girder.  The downward slope is 
sometimes in one direction, sometimes in the other, and the angle of discrepancy is sometimes 
on one side, sometimes on the other, and in each case, you must measure over the girder, 
positioned at a higher level. 
 
[About leveling with the aid of the tablet] 
 
 If instead of the tube, you want to use the tablet, do not change anything about the 
general set-up, but [the angle of] discrepancy in one or the other case of incline will be indicated 
by the plumb-line: the girder on the side of the one that has this incline slope is standing at the 
place where the level is lower. In such a case, tell the bearer of the girder on the opposite side to 
progressively lower, along the length of the girder, the end of the plumb-line, just until the point 
where the plumb-line coincides with the height of the isosceles triangle, and passes its high-point 
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: from there, proceed to measure the angle of this girder, as before. 
 
[About leveling with the aid of double-pan scales] 
 
 [With the same general set-up as before]. If the double-pan balance is equipped with a 
plumb-line, it will be the same situation here, otherwise the suspension-hook (al-mingam) which, 
in inclining from one side, will indicate the side towards which it leans has the lower level, in 
comparison with the side it leans away from.  So the man who is holding the girder on this side 
should lower the end of the cord progressively, up until the point where the plumb line or the 
suspension-hook on the scales coincides with the needle [on the scales]. You can measure the 
discrepancy [of the angle] on this girder.  Then proceed, as before. 
 
[About leveling with the help of a glass tube] 
 
I have seen, in the hands of a hydronomer, a glass tube with a single hole, placed at the middle, 
with two handles at either end, but positioned in such a way that a straight line joining these two 
handles together separated the tube into two equal halves. The tube was full of water, up to this 
encirclement.  Placed at the middle of a plumb-line of 30 cubits, moderately taut, between the 
high-points of two girders, the level of the water varied: remaining parallel with the line of 
encirclement in the tube, it marked that the two places were at level. When it was in 
disagreement with this line, the end of the plumb-line was lowered towards the level where it 
was inclined, until  the water-level coincided with the encirclement on the glass tube, so that the 
gap could be measured over the girder on the same side. 
 
[Introduction to measurement using the base 60] 
 
 It would be useful to divide each girder into 60 equal parts, and also to subdivide each 
part in sexagesimal subdivisions. Thus [rather than measuring the ends of string], you could read 
and take note each time in a sexagesimal notation. 
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Section [XXIII]  
   
Some instruments invented by me for leveling the landscape  
 
 In my opinion, it is possible to do leveling by using a chain and a graduated leveling-
frame, thereby abandoning the plumb line and the tube. 
 
 [a] Take a leveling-frame made of wood or yellow copper [in the shape of a long 
rectangle] and provided with one side that is the width of the two handles for suspension, like for 
the instruments described previously, above. On its wider side, trace a parallel line straight 
across the board of the leveling-frame, and very near to it. In the middle of the straight line, drill 
a small hole for the purpose of a pivot on which you will hang a long plumb-line. From this 
point, set a perpendicular to this line that will divide the main rectangle into two rectangles, half 
as wide.  Finally, draw very close to the edge of the leveling-frame, thus on the other, smaller 
side of the big rectangle, another parallel line on the side of the rectangle and perpendicular to 
the line in the center; the plumb-line will be hanging from the pivot, as in Figure 4. In principle, 
the rectangle occupying the half-leveling-frame must resemble (shabih) the [ideal] rectangle, the 
small side being one of the girders and the  big side  being the chain stretched between the high--
points of the girder, but it would be better if the ratio between the half with the longer line, and 




Translator’s Note in the French Edition: 
(1). The girder measures 6 spans and the chain measures 60 spans, so their ratio is 1/10. 
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Constructed on this scale, the leveling-frame would be too long, and inconvenient; this is why 
the author revises the ratio to 1/5 and, for this reason, constructs his half-rectangle / half-
leveling-frame ED’Z’’G’ (see Figure 5.) according to the ratio of the girder AC to the half-chain 












The leveling-frame, being the main rectangle, would thus have a proportion from 2/5 to 2/4 and 
the half-leveling-frame itself would be proportionately a little less long than the rectangle of the 






 [b] Instead of the plumb-line, which always carries a risk of being stretched out,  it is 
more worthwhile to take a chain. For this purpose, choose either brass, or iron [softened: ] give it 
[to the wire-drawer] to reduce it into solid iron wire which you can cut up into 60 sections; the 
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two ends of each curved into a link; link these together into a chain, then solder them together. 
The chain must have a length of 30 cubits, and each of these 60 sections should measure 1 span. 
 
 [c] Each of these girders should be graduated : divided into 60 equal parts, as it has been 
stated [at the end of the preceding section].  
 
 Then, choose a flat surface that is sure to be horizontal; and mark two points far apart 
along the length of the chain. Two men should hold the girders perpendicularly, with the two 
ends of the chain affixed to the high-points of these girders. Hang the rectangle by the two 
handles, in the exact middle of the chain. The plumb-line will coincide with the perpendicular 
line traced on the middle of the leveling-form.  
 
 Having done this, tell the man carrying the graduated girder to lower the end of the chain 
by one notch; as a result, the plumb-line should hang a little closer to him, you should note the 
place that this line indicates on the line traced at the bottom of the level-frame.  Tell the man 
carrying the girder to lower the end of the chain to the next notch along the length of the girder; 
the plumb-line will hang a little closer to him; mark on the level-form the new point that it 
indicates... Continue thus, until the 60th notch of the girder will have exactly 60 marks on the 
[half-] level-frame. For even greater precision, it would be good to follow evenly the 
subdivisions [sixtieths] of the girder and to mark the [sub-] notches on the [half-] level-frame, 
still blank; repeat the same type of operation to evenly notch the other half of the level-frame, 
leaving blank the notches and sub-notches of the half of the level-frame that is already marked. 
 
 To level this terrain, just tell the men holding the girders to hold them there at the 
vertical, holding one end of the length of the chain to the other. [Since the terrain is always 
unequal] the plumb-line is forced to move away some distance from the middle of the level-
frame, a measurement that you can read on this last one, the marks [and sub-marks] of the level-
frame corresponding rigorously to those of the girder.  The graduation on the girder is the 
indication of these marks and sub-marks on the level-frame, constituting a very delicate job 
which will must always be entrusted to a skilled and capable team of workers. 
 
[Note --] Although they correspond to divisions that are equal amongst themselves, on the 
individual girders, the marks [and sub-marks] in the context of the level-frame are unequal 
among themselves. You will notice, also, that the end of the chain moves along the girder 




 In the rectangle ABCD, AB represents the taut chain; AC and BD are the two girders. 
Divide the girder AC into 6 equal segments; we will state that 6 will be worth 60. Opening my 
compass, I put the dry point on B, the tracing point on A, and I trace the arc of the circle AF 
inside of rectangle ABCD, with AB as one radius, without ever passing CD. Then, through point 
F, I take the perpendicular FH to CD, without ever passing AB, which is the taut chain. 
 
 The 6 equal segments of AC, I will call AZ, ZQ, QR, RX, and TC. And from the points 
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Z, Q, R, X and T, I will take the perpendiculars to the line FH, which is parallel to AC; thus FH 
will be equally divided into 6 equal parts, corresponding to the 6 equal parts of AC; I will call 
these new parts HG, GK, KM, KN, NO, and OF. 
 
 BF is the taut chain when its end is lowered to the bottom of the girder. Let D’ be its mid-
point: I put the dry point of the compass there, and I trace the semi-circle PH’S’ with a radius 
that is chosen arbitrarily. Then I take D’H’ as perpendicular to BF. Now from H’ I measure on 
the arc H’P, an arc that is similar (shabih) to the arc AF: this will be the arc H’G’. And I 
lengthen G’D’ until it cuts AB at O’: obviously, it is perpendicular to it. Besides, in the figure, 
D’G’ represents the very last position of the plumb-line on the leveling-frame. 
 
 Just as the arc G’H’ is similar (shabih) to the arc AF, the angle PD’G’ is equal to the 
angle O’D’B [opposed to the one at the high point] . Anyway, the two angles PD’G’ and G’D’H’ 
are complementary, and respectively, equal to the angles O’BD and O’D’B, as a consequence, 
the two angles O’BD’ and O’D’B are likewise complementary. Now, just as the sum of all three 
angles in a triangle is 180 degrees, the angle D’O’B is a right angle.  I conclude that the angle 
G’O’ is perpendicular to the line AB. 
 
 Yet, I say that if A, the end of the chain, hangs over the girder of a segment, the first of 
my 6 segments, it will be displaced following the arc AL, which demarcates (bi-qadri) the 
segment GL; in the same timespan, on the level-frame, the plumb-line is stopped on the marked 
spot q, and assessed by me. Having lowered it by one new segment, the end of the chain will 
describe the arc LZ’, which demarcates the segment KZ’, in the same timespan that the plumb-
line on the leveling-frame stops at the point r, and is immediately assessed... And so on, until this 
A has lowered itself, following the arc P’F, until the point F, the bottom of the girder, and so that 
the plumb-line on the leveling-frame departs from s to stop at G’; so the line segment G’Z’’ is 
divided up, also into 6 smaller segments. 
 
 I say that the angles having their high points at D’ are equal, respectively, to the angles 
having their high-points at B, but they are not both equal among themselves.  
 
 It is evident that the angle HBS’’ is different (gayr musawi) from the angle S’’BP’’ the 
same as all those that follow and have common high-points with its own. Thus,  the angle BHS’’ 
is a right angle, thus BS’’P’’ is greater than a right angle, and this BS’’P’’ which is greater than a 
right angle is different from this BP’’SP” and is less than a right angle; as a result, S’’BP’’ is 
different (gayr musawi) from HBS’’. 
 
Now, the angles having their high-points at D’ being respectively equal to those  having B as 
their high-point - each one being equal to its corresponding angle - it follows that the triangles 
having their bases on the segment G’Z’’ are respectively similar (shabiha) to the triangles having 
their bases on the line HF - each being similar to its correspondent. Thus, the segments HS’’, 
S’’P, P’’Y, YL’, L’S’’’ and S’’’F are homologous (nazir) to the segments Z’’q, qr, rx, xt, ts, and 
sG’. Thus, without a doubt, if the segments HG, GK, KM, MN, NO and OF are equal among 
themselves, the segments [in the series] HS’’, ...S’’’F and [those in the series] Z’’q,...sG’ are 
different among themselves.  I will not go much further, having wanted solely to demonstrate 
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these differences. 
 
 I will also say that, having lowered A, which is the end of the chain, the point B remains 
immobile, the girder AC will be, for this reason, a bit closer to the girder BD: by lowering A 
down to L, Z’, N’, S, P’, and finally down to F, this means I am advancing AC along the length 
of ZL, QZ’, RN’, XS, TP’ and CF... 
 As for the rectangle D’Z’’G’E, which represents half (niçf) of the level-frame - the 
rectangle EG’F’W - it is similar (shabiha) to the rectangle ABCD - exactly BHFD - representing 
the girders and the chain, as in Figure 5.  
 
 It would be better, anyway, if the leveling-frame had the shape of a half-disc which had 
its edge marked, in notches and sub-notches, and with the whole inside left blank, with the 
exception of the radius [D’H’]. The two handles would be placed diametrically in the section [at 
P and at S’] and the pivot for the plumb-line would be placed on the radius [D’H’], very close [to 
D’].  It would have only the slightest friction there between the plumb-line on the half-disc. 
 
[About a leveling device that is even more improved] 
 
 This is about a device that is conceived of by me; it is simpler, more convenient, and 
flawless, but requires a very skilled surveyor to make it work. 
 
 Take a tablet that will not lose its shape, either round or square, made out of yellow 
copper or wood; drill a fine hole at the exact center of this tablet. Take a thin copper tube, 
perfectly straight, with a length of one and a half spans; the hole of the tube [its “telescope-
eyepiece”] should not have a diameter that is bigger than that of an awl. There will be, at the 
middle of the tube, on its exterior, a slender pivot which will be affixed in the hole at the center 
of the leveling-frame : thus, the tube will turn freely, but will be very exactly touching at the 
surface of the leveling-frame, like the alidade [sighting device] of an astrolabe.  This tube should 
surpass the diameter of the leveling-frame. This last would be furnished with a handle (‘orwa) 
and with a suspension-hook (‘alâga). 
 
 Then pick a wooden bracket to support the suspended leveling-frame : the bracket should 
be perfectly straight and its length should be about 4 spans, thus just tall enough so that the 
surveyor, squatting back on his heels, should be able to see, with one eye to the alidade sight-
piece, with the leveling-frame suspended from the bracket. In other words, the height of the 
bracket and the length of the hook are determined by the size of the surveyor himself. 
 
 Then pick a girder with square segments, long enough so that when it is being held, you 
can touch the top of the girder; so that will be a beam of about 9 spans, a very straight girder, 
with no curvature whatsoever, with very straight sides, well smoothed. Divide one of these sides 
up into 60 equally divided segments, each lengthwise; subdivide each segment [sexagesimally], 
as far as possible. However, be sure to save on each end of these girders one palm’s width of 
space (qabda: width of the palm of the hand)  which you should leave blank, dividing into 60 
equal parts only the part of the girder between these two spaces.  Paint these two blank spaces in 
white or in red: to do this, take the last division marker by the diameter, and draw a big circle 
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around it, like a piece of a dirham (about 0.025m in diameter) and paint inside of the circle. 
 
 Then construct, to slide along the length of the girder, a square collar made out of copper, 
[which will function as the indicator]. Draw, there on the graduated side of the girder [or 
surveyor’s stick] a circle that is similar to the other two. 
 
 Then take a string, made of silk or flax, that is narrower than an awl,  but smooth, and 
well-twisted, with a length that is not more than 100 cubits, because at such a distance, a normal 
eye cannot perceive the markers which we have just described. The length of the string is 
therefore determined by how good the surveyor’s vision is. There are some people who, through 
the lens of the alidade-scope, can see the markers from much further away. 
 
 Attach a ring to each end of the string.  The first ring will stay hooked on the painted 
surveyor’s stick, and the second ring will be held by the surveyor himself. For each stage of 
leveling, he will step back from the surveyor’s stick for the length of the string, holding on with 
one hand to the described ring, and with the other [the right hand] the bracket with leveling-
frame. See Figure 6. 
 
 
    Figure 6. 
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 To keep the leveling process in alignment, the surveyor should stand at the place from 
where he wants to begin the leveling process, with the ring  on the string on his finger [of his 
right hand], he should tell his assistant-surveyor to back away, maintaining the direction of 
alignment, for one length of the string, while holding the surveyor’s stick, with the string passed 
through the other ring which is affixed to the surveyor’s stick. 
 
 This is the one who is located [on E] at the higher level, who is holding the ring attached 
to the string at ground-level, while the other one is the one [on S] who is holding it who is on the 
less-high level, should judge for himself [takhminan] whether the ring on the string he is holding 
is at a horizontal.  Then the surveyor, who has positioned himself at a lower level [on Y] , lowers 
down his end of the string by a pebble, and sets it very straight [on Y], at the place where that 
pebble is cast, with the base of the bracket on the leveling-frame.  But if, on the contrary, the 
surveyor is in place [on E] at the place that is higher up, he should release the bracket and hold 
onto the suspended leveling-frame by itself, very close to the place [E] where the ring on the 
string touches the ground. 
 
 Once the leveling-frame has stopped oscillating, he should aim [from Y] the surveyor’s 
stick [AS] while looking through the eye-piece: to do this, he will need to rotate the alidade 
sight-piece, until he can clearly discern [from K] the upper [red] demarcation [A] that is painted 
on the surveyor’s stick. 
 
 Having done this, he should go [on Y], in the chosen direction, to measure the incline, 
along one length of the string, in a straight line, or very close to a straight line. He should always 
be sure to hold the string as horizontally as possible, and if he holds steady the ring on the string, 
in the air, he can let fall a pebble, and place the base of the bracket at the place of projection.  
 
 If the end of the string touches the ground, at that exact spot he should place the base of 
the bracket, and aim through the sight-piece [point D] the lower[red] indicator on the surveyor’s 
stick, and tell his assistant to hold the stick completely upright, and to gently raise or lower it, 
until the surveyor can see himself at the other end of his sight-piece. Having aimed thus, he 
should take a reading of the gap [AD] between the indicator mark [A] which was previously 
obtained, and this one [D] which he has just finished taking: this figure [AD] will indicate the 
height [E] of the higher level starting from [d’Y] the lower level, the two points [E and Y] 
measured out by two lengths of the string, are those where he  would have set the base of the 
bracket the first, and then the second time.  He will take note of this figure [AD]. 
  
 Then the surveyor should tell his assistant to move away, in the chosen direction, for one 
new length of string, always holding the surveying-stick, and continuing the leveling in 
alignment, until the whole operation is completed. 
 
 As for flatlands, where you must do very little in the way of leveling, the surveyor can 
merely move the indicator, a little higher or a little lower, the length of the surveying-stick itself. 
In this case, if he sees the indicator above the middle of the surveying-stick, he will know that 
this gap signifies the rise of the second spot in relation to the first; and if he sees the indicator a 
little beneath the center of the surveying-stick, he will know that the gap signifies the lowering of 
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the first spot in relation to the second. 
 
 So that the hydronomer can conveniently do his leveling in all types of terrain, it would 
be preferable to mark not only the two places on the surveying-stick [red, as described above], 
but three, the third being right in the middle of the surveying-stick: this would be the most 
perfect. 
 
 In terrain that is so hilly that, separated by a length of the string from the person who is 
carrying the surveying-stick, the hydronomer will not be able to see him, shorten the string until 
the first person can actually see the second; but it will be necessary to make sure that the 




 Given EY, on the surface, the distance between the point of the first and the second are in 
sight. And given BE, the distance between the surface and the center of the leveling-frame. And 
given AB, the line which connects B, the eye of the surveyor, to the surveying-stick, and let AS 
be the length of the surveying-stick itself. The second time, the surveyor has positioned the base 
of the bracket at Y.  So let KY be the distance between the ground to the center of the leveling-
frame, for the duration of the second sighting-procedure. I propose that AD is equal to the 




 From T, I take HY in parallel to the horizon, and perpendicular to each of the two 
segments GY and BH, representing the base of the bracket.  I take DZ from D, parallel to AB, 
thus AG, from A, parallel to DK.  
 
 The two quadrilaterals ABDZ and AGDK are two parallelograms, since BZ is parallel to 
GK; and they are equal among themselves, since AM, the height of ABDZ, taken as the base BZ, 
is equal to AN, the height of AGDK, taken as GK, its base. Now, when two quadrilaterals are 
two parallelograms having equal bases and equal heights, they are equal among themselves. 
Consequently, the segments BZ and AD and GK are equal.  
 
 Having accepted this point, I propose that the segment DZ is equal to DK, given that DL 
is shared with the two triangles DLZ and DKL, and given that the angle ZDL is equal to the 
angle KDL, the triangle DLZ is equal to the triangle DLK, and consequently the angle ZLD is 
equal to the angle DLK, which are, more over, right angles and supplementary. 
 
 On the other hand, the angle LTD being a right angle, it follows that the segment KZ is 
parallel to the segment HY, and that, consequently, HZ is equal to KY, representing in each case 
the distance from the ground to the center of the leveling-frame; therefore, HZ is equal to BE.  
EZ being shared between the two, the segment BZ is thus equal to the segment EH. Now, BZ is 
equal to AD, so EH is equal to AD. But we know that EH is the height of the point E in relation 
to the point Y, and consequently, AD, which is equal to it, will be the difference in level that we 
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have sought. And this is what we needed to prove.  See Figure 7. 
 
 






















[Another Way to Construct the Instrument] 
 
 Take a leveling-frame that is the same as the one described above. Place the alidade 
sighting device at its center. Take the surveying-stick which I have also described. There appears 
on its graduated front a single seal, exactly as far from the ground as the center of the leveling-
frame, hung on a bracket. 
 
 To do the leveling, return the alidade telescope to the horizontal diameter of the leveling-
frame, and aim the surveying-stick as far away as possible. If the point that is visible in the sight-
glass is the center of the indicated circle, this proves that the points on the ground where the 
instruments are located are at a level. If the visible point in the sight-glass is in a certain measure 
above the aforementioned indicated circle, this is the measure of the higher level with respect to 
the place where the bracket is located, with respect to the foot of the surveying-stick. Continue 
leveling this way, all the way until the end. 
 
 This system is preferable to the former one, because in this way, you need neither a chain 
nor a plumb line, and moreover, you can choose the distance that is convenient to your field of 
vision. If by chance the point has passed out of sight at the height of the surveying-stick, either 
above or below, in this case, and so that no part of the ground is excluded from the leveling 
procedure, if you position yourself closer to the start point for the leveling, it is the job of your 
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assistant to bring the surveying-stick closer to you; if, on the contrary, he is at the place that is 
closer to the origin of leveling, it will be your job to bring your leveling-frame closer to the 
surveying-stick, until catching sight of it in your sight-piece. 
 
 Obviously, it is necessary for the leveling-frame and the surveying-stick to be constructed 
carefully, and very correctly. This is what will guarantee a good result, because otherwise, even 
the slightest bending, or even the tiniest errors in set-up and division, will result in great errors in 
the angles and levels, and will completely distort the leveling of the landscape, no matter how 
much care is taken by the operator himself. 
 
 
[Another Way to Use this Instrument] 
 
 Take a square-shaped leveling-frame; the pivot of the alidade-sight piece should be 
placed at the center of the square; in dividing the square, inscribe a circle, the biggest that you 
can, inside the frame. Construct, according to what we have just described, the bracket such that 
the leveling-frame hangs on a ring and a hook. Take for your surveying-stick a good girder, well 
squared-off, with a length of 10 spans, and lay out the small red circle exactly at the level of the 
center of the leveling-frame, suspended from its bracket. 
 
 Divide the surveying-stick, from the painted circle up to its top, into 60 equal parts; 
divide as well as possible into sexagesimal fractions, each with 60 equal parts; then reproduce 
these same divisions, underneath the small red circle; the lower part of the surveying-stick will 
have a certain number of these divisions, but not all; it’s not important. 
 
 Take a surveyor’s chain, described above; it should be exactly as long as the distance you 
need to catch glimpse of the assistant with the surveying-stick from your sight-piece. 
 
 Choose an absolutely level surface, on which there are two points as far apart from each 
other as the chain is long; and place on one the surveying-stick, and likewise on the other, the 
base of the bracket on the leveling-frame. 
 
 View through the sight-piece the number called out from above by the assistant: a needle 
may extend the axis of the alidade-sight piece, which is now indicated to you on the side of the 
leveling-frame, just beneath the horizontal diameter, a point which you must note very precisely. 
View the second quoted number from the surveying-stick above the assistant: on the leveling-
frame the needle will point to another spot beneath the previous one: Make a note of it. Thus 
should the 60 higher divisions on the surveying-stick should be noted on the side of the leveling-
frame. Then take a look at the lower divisions on the surveying-stick, and note them on the side 
of the leveling-frame. They are above the horizontal diameter. Do this work with great care. 
 
 Another very precise piece of work will consist of removing from the frame its alidade-
sight piece and of marking, with the help of a straight-edge, between the center and each value of 
the needle, a fine line connecting the side of the square frame with the circumference, leaving the 
circle blank. This way, each time you are doing the work of leveling, the needle of the alidade 
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will point exactly to one of the values on the leveling-frame. 
 
 To do the leveling with this instrument, the operator should stand at the starting place of 
the leveling, and the bearer of the surveying-stick should stand at one length of the chain from 
him, in the chosen direction of alignment. Position the base of each instrument vertically. Take 
sight of the person through the viewing-lens. If the needle shows the horizontal diameter, the two 
places are at a level; if the needle shows a value below the aforementioned diameter, make a note 
of the indicated number: this measurement indicates how much the surveying-stick is above this 
place; if the needle shows a reading above the horizontal, write down the number: this 
measurement will tell you how much the base of the bracket is beneath the surveying-stick. 
Continue this method of leveling all the way to the end. 
 
 The furthest point of the diameter is the point zero (al-mubtada) on the reading; the 
[numbered] readings above [the zero] indicate the lower levels; and those below it correspond to 
the higher levels of the surveying-stick. Thus, your task will consist of catching sight each time 
through your viewing-glass of the viewer of the surveying-stick, and then reading on your 
leveling-frame, now a dial, the value that is indicated by the needle. Figure 8 shows the leveling-





 You can, if you prefer, divide up your leveling-frame as the hydronomers do (al-
hindasa), if you prefer this to the method stated above.  To do this, you must choose a perfectly 
level surface, lay down the surveying-stick perfectly on its side, at one length of the chain from 
the leveling-frame, also laying perfectly flat on its side, in such a way as to form a right triangle 
[EOG] whose hypotenuse [EO] joins the high-point of the surveying-stick at the center [O] of the 
leveling-frame and the height [EG] will be the 60 equal parts above the surveying-stick, from the 
high-point up to the red circle, whose center will be the point of the right angle.  
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 It will form, at the same time, another right triangle, similar to the first. For this triangle 
[eOg] the edge [Og] will be half the horizontal line of the leveling-frame, assuming the frame is 
suspended vertically. Its other side [Bg] will be shared in part with the edge [BC] of the frame 
that is hung vertically, the edge that is facing the surveying-stick [EF] and is also the end side 
[eO] which will be the segment which joins the center [O] of the leveling-frame at the point [e] 
on the given side of the leveling-frame. The hypotenuse [eO] of the small right triangle will be 
one segment of the hypotenuse [EO] of the large right triangle. [It is observed that GO in the 
figure corresponds to the chain]. 
 
 Next draw in the divisions on the surveying-stick [from E to G], and [point O] the center 
of the leveling-frame, the straight lines which intersect the side [BC] of the leveling-frame, as far 
as the segments, [from e to g, segments] equal among them [and here is the proof:]  
 






 Let ABCD be the square that represents the leveling-frame, EF the surveying-stick, G the 
center of the sign [red] and let O be the one on the leveling-frame – G and O being on the level 
on the horizontal line OG. Let us draw a line OE joining the center O of the leveling-frame to the 
vertex E of the surveying-stick.  In Figure 9, lines eg and EG are parallel, because both are 
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perpendicular, so both triangles Oeg and OEG are alike, since they share the angle O, and each 
one is a right angle at its base: angle egO and angle EGO. The segment EG comes to be divided 
in equal parts, and with the points H, I, J, K and L there are five segments leading to O, 
respectively cutting the perpendicular segment Bg at h, i, j, k and at l. These divisions of the 
segment Bg are equal among themselves. 
 
 Indeed, the triangles  Oeh and OEH have in common the angle at the vertex O and their 
two other angles are respectively equal, since their bases, eh and EH, are parallel; so they are 







 ; the same type of reasoning in the case of the likewise similar triangles Ohi and OHI, 














; now, we know the segments HE 
and HI are equal to each other; consequently, he and hi are also equal. By extension of this 
reasoning, we can establish that the segments ij, jk, kl, and lG are respectively equal to he; so 
these divisions of the segment eg are equal to each other. See Figure 9, above. 
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possible to measure it based on the ground.     
Section [XXIV]  
 
An instrument which permits knowing the height of the mountains, the distance separating us 
from any given summit, or for which it does not matter what other point is dominant and visible, 
or the distance between two summits or two points dominant and visible, in case it is not possible 
to measure it based on the ground.  
 
 Construct a square leveling-frame, drilled in the center with a fine hole, where the axis 
will be the pivot for the viewfinder. Inscribe around this center a circle that is tangent to the four 
sides of the square. Draw the two diameters of the circle meeting the center at the four tangent 
points (they will intersect at a right angle). Construct a suspension ring for the leveling-frame 
passing through the extremite of one of the two diameters. Then, make an alidade-sightpiece [of 
triangular sections] as long as the diameter, and stretching to the pointy end [at one of ] its 
extremites, in such a way that the indicated point is whichever one of the marked sides on the 
side of the frame, when it is hung up. Then, using the method descriped for the fifth frame 
[Section 23, Figure 9] mark the sides on the edge of the leveling-frame and, as much as possible, 
on the under-sides. Keeping this task in sight, leave a small margin on the edges of the leveling-
frame. Calibrate the horizontal diameter with the same sections and repeate this task from the 
center. Calibrate these two arms of the alidade-sightpiece in sections each equal to each of the 
sections on the side of the leveling-frame. Then take a very precise ruler and draw these line 
segments, each connecting the center of the circle to the edge of the leveling-frame [but stop at 
the circumference, in such a way that each segment is delimited by it, and by the edge of the 
leveling-frame, with its ideal extension passing through the center]. In this way, pivoting around 
this pole, the alidade will indicate from its point for each moment to one of the mentioned edges 
on the margins. See Figure 10 here for the leveling-frame and its bracket. 
       Figure 10. 
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[Leveling frame calibrated according to principle explained for the frame in Figure 9] 
 
 To measure the height of a mountain with this leveling-frame –  namely, the length of the 
line connecting its summit [S] to its projection [B] on the plane where you are standing, a plane 
that is horizontal – or to measure the distance that separates you from the summit, or from every 
other point visible on this mountain, the very first thing you must do is choose two sites at the 
same level, but situated at some distance from each other. Having found these two spots, proceed 
in the following manner: 
 
 First hammer in the bracket at the point closest to the mountain, and point to the summit 
with the help of the alidade, seeking to catch site of it exactly with its sightpiece : having done 
this, mark a [red] sign on the calibrated side of the leveling frame which indicates the direction 
of the alidade. 
 
 Then, move the device back and stand the bracket vertically at the second spot, in the 
exact continuation of the line going from the first spot aimed in the direction of the summit, in 
such a way that the projection from the summit and the two aimed points are situated on the 
same plane. This routine should not present any difficulty. Then point the alidade in the direction 
of the summit and catch good sight of it in the sight-glass. Mark again [with red ink] on the 
calibrated side of the leveling-frame the edge which indicates the direction of the alidade. 
 
[1] Measure and note [MM'] the segment between the two sides [marked in red ink] … 
[2] Measure and note [M'N'] the segment between the side of the leveling-frame, between the 
furthest point of the horizon and the side of the second aimed point… 
[3] Measure and note [OM] the segment between the center [O] and the first side; to do this, let 
go of the viewfinder, which is calibrated, and can serve as a ruler to measure with;  
[4] Measure and note [ON= O'N'] the segment between the center [C] and [N] the furthest point 
of the horizon line, on the calibrated edge. 
 
 This way, you will be able to make use of four numbers. 
 [Operations :] 
 Multiply [M'N'] … by [OO'] by the distance expressed in cubits between the two points 
where you have aimed your sight at… 
 Divide the product obtained by [ON] 
 We call this “first reserved number,” the quotient obtained this way. [OF of the figure.] 
 Multiply [OM] the segment between the centre and the first side [red] by [OF] by the 
first reserved number. 
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 Divide the resulting product [OM x OF] by [MM'] by the segment between the two sides 
[red]; 
 
 The resulting quotient [OS] expressed in cubits, is the distance between the first point  
aimed at and the summit.  
 
[1] Translator's Note, Arabic-to-French Edition:  
In fact, we see by this proof, further, 
! 
OS = OF x OM
MM'
=




[To find OB] multiply [OS] by [O'N'], half of [KN] the line of horizon, then divide the product 
[OB x O'N'] by [O'M] the segment between the center of the leveling-frame and the first side 
[red] ; the quotient [OB] given in cubits the distance – following a horizontal line – between the 
point of the first sighting and that of the projection of the mountain summit. 
 
[2] Translator's Note, Arabic-to-French Edition: 
Lines 5 to 7 on page 54 of the Arabic Edition are faulty; we [the translators into French] 
corrected the text before translating it; indeed, here again, as in the bottom of page 53 of the 
Arabic Edition, one must, according to the evidence, divide, that which is otherwise attested by 
these words in that context: “the obtained quotient” (fa-ma kharaga)  
 
To find [BS] the height of the mountain, subtract the square of [OB] from the square of [OS] 
then extract the square root of their difference. 
 
[3] Translator's Note, Arabic-to-French Edition:  
Mlle Geneviève Guitel thinks, with reason, that this calculation by extracting the root is the 
reminiscence of someone who fell on old habits and is not an interpolation or substitution, as we 
always presumed; because in the “proof” part on page 56 of the Arabic Edition, the author 
mentions these same operations! Without this, he would have easily been able to demonstrate 











= BS  
 
You can see, with the aide of the same leveling-frame, the distance between two points visible 
from afar. 
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 Here is how to proceed: first, obtain a given point, here [O] where you are standing, the 
distance of each of the two distant points, following the above procedure; then place the leveling-
frame flat, horizontally, on a table; set the alidade vertically so that it seems to split the 
supsension ring in half; then rotate the leveling-frame on the table, still flat, until you catch sight 
of the first of the two dominant points through the alidade sight-piece. 
 
 At this precise moment, fasten the leveling-frame onto the table, so that the frame won't 
move when you rotate the alidade. 
 
 Rotate this in the direction of the second dominant point, catch sight of it in the sight-
glass, and mark a [red] sign on the side indicating the direction of the alidade. 
 
 Create, in ink, two segments on the leveling-frame that are proportional to the two 
distances of the two aimed-at points; the angle at the Center [O] will stay between the two 
segments the same as it was between the two lines of sight, and each segment will coincide with 
the [half-] line to which it corresponds. 
 
 Then join by a third line segment the ends of the first two; measure very precisely the 
new segment according to the same unit of measure as the other two. If you put the measured 
segment in relational proportion to the two segments representing the distance from the spot 
furthest away, start off with these three given so that you calculate the distance between the two 
points that are dominant and distant; but if you put the measured segment in relational proportion 
with that of these two segments representing the distance from the point least distant, this will 




 Let SB be the height of the mountain, O the center of the leveling-frame ACED, in its 
first position, OS the line connecting O to S, the summit of the mountain, and OB the line 
connecting O to B, the projection of S. This is a proof for the indicated operations to obtain the 
measurement of each one of these three lines. 
 
 Let us extend BO sideways from O, in the known length of OO', O' representing the 
center of the leveling-frame, at the time of the second aiming. Also draw here the line O'S 
connecting the summit S to the center O' of the leveling-frame; ACDE and A'C'D'E' represent the 
leveling-frame at the time of the first, and then at the time of the second, aiming procedure. 
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 [To justify the given formula for the calculation of OF, the “first reserved number,” let 
us say that] the two triangles O'N'M' and O'OF are alike. [Why?] Because N'M' and OF are 
parallel, so the angles O'M'N' and O'FO are equal and the angle O' is shared by both triangles. So 







 ; consequently, 
! 




[How to prove the precision of the given formula to find OS? Here we claim that] the triangles 
SFO and MM'O' are alike. 
 
 In fact, FO and M'N' are parallel, the angles SFO and FM'N' are equal; on the other hand, 
the opposite angles at the vertex FM'N' and MM'O' are equal, and consequently the angles SFO 
and MM'O are equal. Moreover, MN' and MN are parallel just like O'M, and OM, so the angles 
FSO and MO'M' are equal; so the last angle O'MM' of the small triangle is also equal to the angle 
SOF of the big triangle. Since these two triangles are alike, we have grounds to write the 














 We already know the measure of OF, that of O'M and as for MM', we know that MM' = 
MN' – M'N' ; [OS is the second reserved number] 
 
 [How to prove the accuracy of the given formula for OB ? Here we say that ] the triangles 
MN'O' and SOB are alike, they have a common angle O and they each have a right angle; this 








, and further to deduce, 
! 
OB = OS x ON
OM
 . 




 For the value of SB, you could add, if you like, the height, starting from the ground, of 
the point O for the figures that will be more exact. [Figure 11]. 
 
 This geometric figure has corollaries; the topographic instruments which we have 
mentioned do have other varieties to them, but I will not extend myself that far, not wishing to 
exceed the scope of the present work. As for the rest, God be Merciful! 
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 As for the formula that permits one to find the distance between two dominant and visible 
points, the proof is easy, since on the leveling-frame, placed flat horizontally, you can make a 
triangle that is like the one formed by the center O with the instrument and the two dominant 
points A and B. In fact, the angle O at the center of the leveling-frame is common to the two 
triangles OAB and OA'B' and the intercepting sides are respectively proportional, for the small 
triangle and the big triangle. So you have two alike triangles, for which you know two sides of 
the small one and two sides for the big one.  It is easy from here to calculate the unknown side of 
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Section [XXV]  
 
How to construct a subterranean aqueduct? 
 
 Having well understood all that I have related here, and desiring to drill an aqueduct, you 
must, from the start, study its positioning, meaning, find the best site possible; and this will 
always be an alluvial basin between mountains with plenty of precipitation, permanently covered 
in snow; a basin that is either in one of the mountainous valleys; or on the steppe stretching at the 
foot of such mountains, alongside them. If you have a steppe that is distant from such mountains, 
but covered in abundant vegetation, lush with life in the species that hint at the presence of 
underground water, you can equally drill the aqueduct here. And if the water in question is 
perennial, irrespective of rain and snow, it will be easy for you to establish the line of the 
aqueduct. 
 
 You should start this work during the season of low water, during the months of 
Shahrivar and Mehr. (Between the fourth week of August and third week of October.) Where the 
ground is not soft, you can lengthen the sections of the tunnel more, and give them a wider 
section than is customary; but where the soil is soft, on the contrary, you will need to drill 
sections that are shorter and narrower, giving them a rounded base, never flat. 
 
 When you have found the sub-soil for an expanse of water that is both wide and long, 
with numerous sources for the water, your aqueduct will have plenty of water if it is drilled 
beneath the sources, especially when the soil is black and rich. 
 
 Once the desirable site has been selected, proceed with the leveling of the terrain, always 
departing from the point where your aqueduct ought to come to the surface, and as you go up, 
starting from here, portion by portion, up until the point where you want to drill the test-well. (al-
kumana-gah), first of all for a simple estimate (al-wahm) and then, for a very precise leveling of 
the terrain, according to the procedures described above.  
 
 If, having dug the test-well, you have reached water at a level that is high enough above 
the point where it ought to exit the aqueduct into the open, you should take the difference in level 
as a base (asl-dastur) to calculate the slope of the tunnel; but if you don't find water at such a 
level, continue on with the leveling of the ground, climbing up until you have found what you're 
looking for, according to the prescribed method; and once you have discovered the trial well that 
suits for your purpose, pay attention so that the downstream goes in the direction of the exit, 
contrary to the upstream flow, which ought to orient itself towards the source-point of the water. 
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 If you arrive at a sub-soil that releases an unpleasant smell on the dry side, avoid it 
altogether, bypass it, and direct the tunnel towards the side where there is no bad odor. The 
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Section [XXVI]  
 
How to maintain the level of the tunnel, upstream as well as downstream 
 
 The work of most of the hydronomers I have had occasion to examine shows the base of 
the aqueduct quite irregular in terms of level, falling and rising each time in between two air 
ducts; and sometimes the tunnel was widened without reason. All this could be dangerous for the 
longevity of an aqueduct, especially for one drilled in soft soil. 
 
 Drilling from the dry side and wishing to maintain a correct level, there are two options: 
the air ducts should succeed, as previously drilled, -- in this case, it would be easy to  correct for 
the proper layout, with zero descent, then ascent -- ; or the air ducts in question are not already 
drilled. 
 
 In such a case, to make sure that you do not deviate from the line, you must take a 
squared-off board, 4 fingers wide, 3 cubits long, on which are set, vertically, a stick about one 
cubit long, and from the top of which will be suspended a plumb line; this very fine string, 
passed through a hole, in a semi-circle, drilled precisely at the foot of the instrument, keeping 
itself tangent to it, when the squared-off board is in a horizontal position. See Figure 12: A line 




 The hydronomer will descend into the bottom of the air duct, equipped with the device 
that he will install at the start of this section of the tunnel (al-bangah) and for each cubit of 
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length that will be drilled for this section, he will check the level with this instrument – if the 
plumb line hanging down the vertical instrument is applied precisely at the drawn line on it, the 
level is correct, otherwise he should change the ground level according to an angle equal to that 
indicated by the plumb line in relation to the plumb line drawn on the vertical instrument. He 
should check for each cubit of the drilling up until the end of the section of tunnel. 
 
 He can check the straightness of his level with another procedure: attach a piece of wood 
to the ceiling of the previous section of tunnel, and attach a rope which he can lead from the 
other end towards this one, as he goes along with the drilling work, and attaching this end [with 
the other attached to the piece of wood] to the ceiling of the tunnel. With the rope taut, the walls, 
ceiling, and floor of the tunnel, in order to be correctly drilled, ought to be have the same 
distance from the rope. 
 
 Otherwise, every deviation would have to be corrected: an increasing gap between the 
taut cord and the ceiling shows that the tunnel has gone up, while the inverse shows that it has 
gone down. 
 
 The section should always be the same. A skilled and experienced hydronomer will 
know, just by glancing at it, a length that is less than 3 cubits; from time to time he will have 
glance behind him, in the direction of the entry to the section of tunnel. Each time he notices the 
entry begins to slip away from one side, he will slowly drill in the opposite direction, so that he 
regains equilibrium. This examination is equally crucial for the lateral deviatios of the floor and 
the ceiling. 
 
 As it happens, the best device will be a yellow copper tube, wide enough for your ring 
finger; it will be about a span and a half in length, with two rings, each one at the end [the same 
height as the tube] ; a fine chain made out of iron thread (hadid mamdud), one end the same as 
the other, should be attached to the two ends of the tube; its middle will be attached to a piece of 
wood, using a ring – each of the two ends of the chain will have a span and a half of length. Once 
it is suspended, the tube must be horizontal and it should be absolutely cylindrical. 
 
 To check the straightness, attach a straight standing board of 15 cubits to a wall you can 
see in your sights; at the place where the wall comes into sight, mark a [red] sign; then turn 
around the tube [180 degrees] and aim it at the wall through its other end; if you catch sight of 
the red sign again, the sights have it correctly. The chain is intended to hold the tube 
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 To maintain the straightness of the section of tunnel, drill in the direction of downstream, 
if it is a matter of leading to an existing air duct, you must always start drilling around one and a 
half cubits, before attaching the tube to the ceiling [and the piece of wood it hangs from], so that 
you can aim through the sights at the entrance to the section of tunnel, or rather a round of light, 
if this work is correct, you will not have to continue with this work. Each time the round is 
lightly skewed, if it is left, you must drill a little more towards the right, and inversely, and if it is 
skewed toward the ceiling, you must proceed gently toward the floor, and inverseley, always in 
the opposite direction. Continue taking measurements from the device this way, and you will end 
up at the bottom of an air duct, whether already drilled or not. 
 
 To drill in the direction of an undrilled air duct, you must stretch a rope, in the ground, 
since the air duct will start out at the point where  the following air duct will be drilled, in the 
same way that the rope is divided in two [semi-circles] the mouth of the two ducts; you must 
then hang this rope, over the duct you start out from, two other ropes, one farther than the other, 
to the bottom, stopping one cubit from the floor. While drilling the tunnel, the person who is 
doing this work should return, from time to time, to take a look at the two hanging ropes with 
only one eye; if the less distant rope masks the more distant one, you have drilled in a straight 
line; if the second rope appears to the right of the second, and the inverse; you should correct the 
error accordingly. 
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 As soon as the drilling has progressed a bit, in the right direction, the driller may prefer to 
foresake the two hanging ropes and trust the round and the sights of which we have spoken : he 
will reach it following this method, following the bottom of the duct, without any possible error. 
 
 [Inherent to drilling in dry soil towards downstream], these difficulties do not present 
themselves in a place where the soil is damp [toward upstream] ; because in that case the driller 
measures his own work above the elevation of the water which runs in the aqueduct; and as for 
the level of the floor, it will suffice for him to make sure he does not veer toward the left or the 
right. 
 
 In a good aqueduct, the water should have, from one end to the other, the same height and 
follow the same direction at the same level. 
 
 This requires, of course, a slope : this will be a very slight, about one cubit per farsang 
[approximately one meter per 12 kilometers; approximately 1 foot per 2.27 miles]. 
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Section [XXVII]  
 
How to drill the air ducts when the section of the tunnel is at a bend 
 
 If, in order to bypass a natural object, the section of tunnel veered off to the right, and 
you want to know the exact point where you should drill the air duct, take a good compass, made 
of wood or metal, with perfectly straight legs on the outer edge. Take an equally good ruler [the 
length of the legs of the compass] and divide it into equal parts – it does not matter how many 
divisions. 
 
 [Furnished with these instruments], descend to the bottom, at the starting-place of the 
tunnel section; (hammer in a wooden peg at the center of the air shaft) ; attach a rope that you 
will stretch all along the straight section of the tunnel, up to the point where, because of a bend, 
you run into a wall; attach the rope to a new wooden peg; from here, lead the rope through the 
next section until you reach a new bend; attach the rope there; and proceed like this until the end 
of the tunnel section. Thus, the rope ought to be long enough, as long as the entire section of 
tunnel. 
 
 The rope should be long enough to be stretched all through the tunnel.  It will necessarily 
create an angle at each wooden peg [which marks the vertex] ; measure the angle with the use of 
the compass and the ruler; each time, you will need to apply the pivot of the compass on the 
wooden peg and separate the two legs of the instrument until they are tangent to the two sections 
of rope from the peg, with one on the left and the other on the right. Then, measure the angle of 
the opening of the compass, using the calibrated ruler, taking note of the number of divisions. 
Thereafter, measure and note the size of the angle formed for each bend in the tunnel, the first, 
the second, the third, etc. Never forget to measure this way, always in order, the exact length of 
each of the sections of the taut thread, from the last wooden peg to the first wooden peg. Take 
great care to note these lengths. 
 
 Emerge from the air duct; a bar, from which are hanging two strings, and from each of 
these a weight from the scales, hanging down through the entry to the air duct, will allow you to 
determine very exactly the direction of the first section of the tunnel. Then you can take the rope 
and the pegs [the ones you have used underground]; attach the first end of the rope after the 
mentioned bar, orient the rope exactly the way it had been below. Give to each section, and to 
each angle, the same measurement and same orientation as below, until the end of the rope. Be 
very careful not to stretch the rope any more [nor less] than it was below-ground. The place in 
the ground where you had affixed the last wooden peg will thus tell you the correct line of air 
ducts to drop very exactly at the end of the tunnel you have just finished drilling.  
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See Figure 14 : here are the compass, calibrated ruler, and stretched rope the length of the 
tunnel. ABC, BCD, CDE and DEF represent the successive angles, while the segments AB, BC, 
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Section [XXVIII]  
 
Maintenance of a qanat 
 
 To prevent an aqueduct from falling apart, someone should clean out and remove the 
sediment and duckweed (Lemnaceae) which form on the floor of the aqueduct, especially near 
the outlets (ferahig). It is also necessary, during winter, to block the openings of the air ducts, 
either with bricks, with paving stones, or simply with clay earth shaped in a vault over each 
opening. It would be preferable, from the very start of the drilling, to protect each opening with a 
ledge made of either bricks, pith, or clay, and to surround the opening with it, like a protective 
embankment, the earth that is extracted out of the air ducts and from the tunnel; in this way, the 
streams of rain water would not get into the opening and block up the ducts with their sediment. 
This embankment will almost always be enough. And here is an important point (bab kabir) 
concerning the maintenance of qanat, the only thing that allows them to remain in good condition 
and a perfect state of functioning.  
 
 It often happens that a that an aqueduct becomes unusable after one or more of its air 
ducts have been blocked by the [springtime] floods. 
 
 The ideal would be a monthly inspection of every duct by a worker who could remove, as 
needed, any kind of soil or any object that had fallen in, if need be; not to speak of the cleaning-
out [annually, at the end of the summer] of the aqueduct [for its entire length]. 
 
 The air ducts situated in the lower country or in the natural course of [springtime] runoff 
have very high ledges, specially fortified with bricks or reinforcing building stones with 
powerful embankments of impermeable clay (tin hurr, dafi' lil-ma) rounded, in the form of 
natural hills.  These little stone walls that ring such embankments are not to be underestimated. 
 
 This is of course a contra-indication for establishing an aqueduct beneath terrain 
susceptible to springtime floods, or still worse, in the bed of a wadi, except for where the ground 
is made up of hard rocks (impermeable) because, in ground where the rocks are crumbly, the 
expenses required for this work will always exceed the profit; even less when the crumbliness of 
the soil is not slight; in such a case, it is necessary to protect the tunnel with a good layer of 
bricks. 
 
 Where the aqueduct must pass under the bed of a wadi or where, in consequence, the 
flood water could submerge the little walls surrounding the air ducts, without which it is 
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otherwise impssible to protect the openings, the simplest would be to block the ducts yourself, 
towards the top, with clay. 
 
 To block these, lay some bricks or building stones, to this end, to make walls in a 
proportion of 3 inches per 5 spans of height; then the paving stones will protect the openings that 
have been made smaller like this, so that you can tamp down the clay covering up the channel at 
the opening of the air shaft. You can also construct an azag [gothic vault] made of soldered 
bricks together with mortar (melat) of fresh clay, which retains its own natural humidity (nada-
wa asliyya). 
 
 [Use these same things to reinforce the tunnel itself], wherever the pressure from the 
source is strong, wherever it exerts lateral force. 
 
 But where the soil is crumbly (gayr mutamasik), the solution is to use pipes of terra cotta, 
of sufficiently wide diameter for a worker to be able to pass through it; and it will need to have 
small holes all around it, so that water can infiltrate it. 
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Section [XXIX]  
 
How to continue in a situation where the qanat tunnel is blocked  
 
 In principle, an aqueduct becomes obstructed following the collapse of either the ceiling 
tunnel, or of the air duct openings. So it could be blocked completely, or only partly. Sometimes 
the obstruction is caused by a big stone falling down, and this object could be important as a part 
of the blockage, or perhaps not important.  If it is small, nothing could be easier than removing 
such an obstacle. If it's not big enough to simply cut off the water, you will have to trust in this, 
that the current will overcome it, especially when it is soil that obstructs it. 
 
 To my mind, it is sufficient to clean out the aqueduct close to the point of blockage, and 
to wait a few days : since with time, it will be the water itself that overcomes any such obstacle.  
It would be better to dig a big hole [downstream] under the obstructive object: the current will 
bring it there. 
 
 If the current nevertheless does not carry it away, and upstream of the aqueduct, the level 
of water is rising into the air shafts, it would be good to have recourse to drill (tahwil) the object 
causing the blockage: you can repair the tunnel until the object is only 3 cubits wide 
[approximately]; then attach to the end of a wide handle about 3 cubits long a big spear-head, 
strong enough to drill [wet] clay; with the help of this tool, drill a hole 4 thumbs wide, up to the 
water; the worker does not have to do anything else after that except return to the surface: the 
current should enlarge the hole all by itself, and reinstate the passage. 
 
 When the height of the water upstream is not too high, it is possible for the well-digger  
to go in and remove the blockage himself, by digging in the soil and taking it out by shovel-fuls 
up to the point where he hits moist ground, saturated with water. 
 
 In an obstructed air duct, you should build, with the help of boards set deep within the 
walls of the shaft, some steps. This way, standing on the boards, he can remove some of the soil, 
with a curved iron spade attached to the end of a long handle. And he only has to remove what is 
necessary, because the current will clean out whatever is left on the bottom. 
 
 When the obstructive object has taken shape right in the middle of the tunnel, the best 
method is coing to be to drill a supplementary air duct, directly above this object, and to wait to 
remove it whenever you reach it.
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Section [XXX]  
 
What the investors of a qanat may require of their entrepreneurs  
 
 A new aqueduct is not profitable until it meets the following requirements: a) it follows a 
straight line, all along its course; b) between its floor and its ceiling it has the same height, 
everywhere, including the diversions, so that the water always has the same height, without 
which, because of a subsidence of the floor, the height of the water would rise, and there would 
be cave-ins, and deviation of the current. Because with each subsidence of the floor, an excess in 
slope, rushing the current, whose rate would increase, especially in the crumbly rocks, which 
would finish off the aqueduct and ruin it forever; c) if it is impossible to follow a straight line, 
one should nevertheless demand that the level stays horizontal, and that the difference between 
the floor and the ceiling remains unchanged, so that the water has the same eight from one end to 
the other of the aqueduct. 
 
 As for the regular cleanings – and this is what allows an aqueduct to stay in good 
functioning shape – it is necessary before each cleaning for the hydronomer to go down in person 
into the tunnel, to examine the whole length of it, and to write a detailed report saying what is to 
be done in each section of the tunnel: this is a matter of de-silting, or of unblocking. 
 
 A price should be agreed upon with the well-diggers for all the cubits of cleaning of all of 
shah-usmar. And when the cleaning is finished, the hydronomer should go down into the well a 
second time, and examine it from one end to the other, in order to verify that the work was done 
well, if the aqueduct is clean; otherwise, it is up to him to decide on a certain reduction in salary 
for the well-digger or on the estimate of the entrepreneur, by reason of defective work. Never 
lose sight of this point. 
 
 There is an old custom which is always to the detriment of the patron: that is the 
weighing of the soil extracted from the aqueduct. Indeed, the well-diggers can easily find a way 
to inflate how much soil there is, some by wetting the soil with buckets of water, and others, 
rather those who are mucking out the silt, by pulling up the soil around them, whether it is in the 
tunnel, in the air ducts, or bring to the assessor as much soil as possible, pretending that it is from 
the tunnel-bottom! 
 
 The way to get around this is never to believe the word of the well-diggers, without 
inspecting the aqueduct, before and after the cleaning, with a hydronomer who is reputed for 
being impartial. He knows that every patron will trust him to say to the well-digger who comes 
to declare to him: here is a third party or a watchman from the shah [shah usmar] and this, for 
the salary I am owed, is certainly too little. 
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 As for the stone or brick coverings, we have already dealt with it [at the end of section 
28]; it is referred to there. 
 
 Such are the principal points that one must have firm grasp of, on the subject of 
hydronomy.  I have deliberately avoided excessive length, so that everywhere I have stuck to 
what is essential in this subject. 
 
 I end here, praising the Most-High with all my heart, who gave me the allotted time and 
occasion to write this treatise, and who sustains me and gives me his divine graces. And I pray to 
him to transmit my greetings to his apostle, Mohammad, and to his blessed Family.  
 
The End 
